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ABSTRACT 

During 1962. Ute Weapons EffeCh and Tests Group (WET). Field Command, Delenu 
Atomic Support Agency I executed the Depa.rtment of Defense (DOD) scientific programs 
of Operation Dominie. except those for Shot Sword Fish. and the operadonal suitablUty 
test. of the Polarls system cooducted by the US Navy. 

The main WET effort was in the Fish Bowl Series. which consistad of flve high-altitude 
nuclesr detonations. The objectives included studies of weapons effects on radu and com
munications, changes ill the ionosphere and the earth·s magnetic field. and distribution of 
debris from the nuclear devices. 

A fUrther portion of the DOD effort was directed toward the Atomic Energy Commission 
_ tests 0.1 Christmas Is~and. 

During the operat,oaal period of Operation Dominic. "April through 3 November. Task 
Unit 8.1.3 (the WET portlnn of Joint Task Force EiGHT) operated scientific stations through
out the PacifiC area. Task Unit 8.1.3 was Wider the operational control of Joint Task Force 
EIGHT and received technical guidance from the Delense Atomic Support Agency. 

The maln objective of this report is to discuss the organizational. operational. funding. 
and lopatic aspecta of Task Unit 8.1.3 in Operation Dominic. The various scientific ex
periments are described under the general types of effects and phenomena studied. The 
results a. e discussed briefly; detailp.d discussions are available in the appropriate Project 
Officers Reports. In general. the data obtained. was excellent. 
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Chapter 1 

OORODucnON 

1.1 SCOPE OF REPORT 

This report is a summary of the participation by Field Command. Dele~:"'" Atomic 
Support Apncy (FCDASA) in Operatton DOminic. a joint Department of Defense-Atomic 
EMrlY Commi.aiOll (DOD-AEC) operation held in the PReWe Oceu area during the 
period 1 May thro. 3 November 1962. 

The operation wu eooducted by Joint Task Force EIGHT (JTr-8). Initially under the 
command of Major General Alfred D. Starbird. USA. and later by Rear Admiral Lloyd 
M. MUIUn. USN. Dunna the operational period. the DOD s('!ientific element, Task Unit 
8.1.3, under the Weapona Effectl and Teats Group. FCDASA, was commanded by Colonel 
Leo A. Kiley. USA F. 

Although major porHoM of Dominic took place in both the Christmas and Johnston 
Island area., the event8 at Johnston Island were the ones of primary interest to the DOD 
and were called the Flsh Bowl Series. The events at Christmas Island were basically 
AEC events. The AEC also had a series Ilf airdrops in the John
ston Island Danger Area. Two weapons tests by the Navy were included in DominiC. they 
were conducted in the ocean area between the United States and Christmas Island by JT r-8. 

No attempt is made to includ., in this report detailed results of the DOD scientific eff()rt~ 
complete reports of the various scientific experiments may be found in the Projl"ct Officers 
Reports (PaR· s) listed in Appendix A. 

This summary i.s written primarily to report the operational, support, and fiscal as
pects of the operation. together with sununaries of the scientific ex.periments and their 
results. 

1.2 BACKGROUND 

The culmination of the DOD-AEC efforts for the resumption of an atmospheric test 
program occurred on 10 October 1961 when the President approved the recommendations 
Contained in a letter from the Secretary of Defense concerning nuclear testing. The pri
mary recommendation was that approval be liven the DOD and the AEC to prepare for 
atmospheric and high-altitude nuclear teat. at suitable locations. Prior to this approval, 
neither the DOD nor AEC were authorIzed to plan or to prepare for atmospheric tests 
during the test moratorium. The Secretary of Defense on 12 October 1961 forwarded a 
memorandum to the Chairman of the Joint Chiefs of Staff (JCS) authorizing and directing 
certain actions pertaining to the piaMing and preparatton for nuclear weapons testing in 
the atmosphere. 



I 
~ 

On 21 October 1961, the JCS implemented the program for the proposed weapons test 
plans and preparations and assigned the specific responsfbUiUes to tha respective serv
ice organizations. 

The specific responsibUiUes assigned to ChIef, Defense Atomic Support Agency (nASA) 
were: (1) to plan and prepare experimental programs to include delivery means. for high
altitude effects tests, at an overseas locatiol\i (2) t~ plan experimental programs for nu
clear weapons effects based on the possibility of continuing test programs; (3) to prepare 
to provide the necessary support to the AEC; and (4, to activate JT F-S with the Command
er to be designated by JCS. 

At the National Security Councll (NSC) meeUng of 2 November 1961, appropriate de
ciSions were made with regard to an atmospbel'ic nuclear test prugl'am, and the imple
mentation action was ordered. The JCS was directed to prepare to execute nuclear 
weapons tests operatlons in accordance with the recommended AEC-DOD program at an 
overseas site to commence in about 6 months (approxImately 1 April 1962) and to be 
completed about 3 ~onths thereafter (1 July,. At this Ume. there was still no authority 
to conduct or execute an atmospheric test program. This specific authority had to be 
obtained from the President. On 29 November 1961, the NSC recommended to the Presi
dent that a series of atmospheric nuclear tests be approved beginning in the spring of 
1962. The President approved the NSC proposed list of atmosphel'ic nuclear tests for 
the purpose of proceeding with preparations, but reserved judgment on the final decision 
for or against the resumption of atmospheric tesUng. 

1.3 OBJECTIVES 

As initially approved, the Fish Bowl Series was to be a high-altitude test program to 
be conducted at Johnston Island in the spring <)f 196::! 121 April through 1 July). It pn1 .

vided for: (l) Thor system proof test (nonnuclear>, 1 MaYi 
and (3) 1.-I5-Mt test at -100 km (Shot Star Fish), 15 June. The Tilor 

missile was chosen as the carrier (Figure 1.1). 
The purpose of the Fish Bowl Series was to satisfy JCS requirements ior weapons 

effects data of the following general categories. The data sought from Shot Blue Gill 
inCluded.: (1) fireball transparency. gr<)wth, and rise; (2) intenSity of beta and D-region 
iomzation; (3) SU"uctul'al response to tht!rmal r:tdiativni and H) ractia tiun flu:..: me asure
ment.. The data sought from Shot Star Fish included: (1) intenSity and dUration of 
ionization layers (fission debriS and radiations), (2) radio and radar blackout areas 
(phenomenology of magnetic conjugate points), and (3) motion or debris pancake. 

More specifically, the data sought concerned the following: (1) ICBM kill mechanisms 
and vulnerability, (2) penetration aids, (3) retaliatory force capabilities, (4) AICBM ef
fectiveness, (5, early wal"ning systems, (6) communications and control, (i) satellites, 
and (8) biomedlcal thermal responses. 

In addItion, information on phy.ical aspects was needed to supplement the above data. 
This included: (1) debrls location; (2) debriS chargei (3) production and loss of electrons 
in the fireball; (4) production and loss of electrons in the ionosphere; (5) electromagnetic 
(EM) noise. is, absorption and ff;!fraction of EM waves; (7) nuclear, thermai, and X
radiation outputs and damage mechanisms; IS) EM pulse output and damage mechanisms; 
and (9) ultraviolet through infrared radiation output, damage, and attenuation. 

As explained in Section 1.4, the original shot scbedule was changed. 
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Chapter 6 

SCIENTIFIC ACTIVITY 

6.1 COMMUNICATIONS EFFECTS 

6.1.1 Background. Shots Teak and Orange during Operation Hardtack, and the Argus 
shots of 19&8. demoDstrale<i that hiP-altitude nuclear expi0lLoD8 can 8ignlficantly alter 
the electrical properties of large volumes of the atmosphera. High-energy radiation, 
subatomic particles. and high-speed debris particles may partially or completely lonlze 
the air they penetrate. The ionization. in turn. may caule absorption and refractloD of 
electromagnetic (EM) waves. Consequently. high-altitude nuclear detonations may have 
profoWld effects on the performance of radio communications systems. 

Mllitary communication. system. use frequencies from VLF to UHF In a variety of 
propagation modes. Long-distance communications between surface stations and satel
lites or space vehicles must traverse the ionosphere and may be dfected by ionization 
produced by high-altitude nuclear bursts. Even in the absence of nuclear burst induced 
disturbances. the changing nature of the normal ionosphere requires consideration of a 
number of factors such as modulation. power. antennas. DaIse. and operating frequencies 
to maintain communications efficiency. Artificially created anomalies in the ionosphere 
need not necessarUy be larp to have significant effects. 

Electron densities in the ionosphere can be altered either because the tOtal number of 
electrons present is changed. or because electrons already present are redistributed. 
Both types of changes are produced by nuclear detonations. Electrons are produced by 
ionizing emanations from the burst. In some cases, molecular species not normally pres
ent may be produced by the detonation, which subsequently leads to anomalous electron 
loss rates. Various types of traveling disturbanc;es redistribute electrons at great dis
tances from the burst point. Alterations in the i(.nospheric electron density were studied 
during Operation Dominic by riometers, ionosondes. and Granger sounders at stations 
throughout the Pacific during each of the events in the FIsh Bowl series. 

The Fish Bowl instrumentation to determine nuclear eUects on communications covered 
all frequencies of military interest. but the effort was concentrated on the HF band. Dur
ing Operation Hardtack, limited measurement indicated that severe communications black
outs existed for long periods after the detonation of Teak and Orange. both in the burst and 
magnetic conjugate areas. The data available consisted primarily of vertical-incidence 
soundings at a few poLnts, backscatter loundings. rlometer measurements, and magnetom
eter records. The only data of a real communications nature consisted of logs of various 
operational circuits. Analysis of these logs indicate that the communication Circuits failed 
shortly after the dl!tonations and remained unusable for many hours. Unfortunately. these 
records were made at only a few frequencies and without any special test instrumentation. 

In the period after Hardtack, requirements for more rapid and preCise evaluation of the 
propagation conditlons existing on communications circuits led to tbe full development by 
Granger Associates of improved sounder equipment. The Granger oblique incidence. step
frequency sounder system employs a transmitter at one end of the communications path to 
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be atucl1ed and Il receiver at the other end. The synchronized transmitter and receiver 
pair are electronically stepped through 160 channels (frequencIes) in the band from" to 
64 Mc in a time as short as 3.2 seconds. Pulses are transmitted on each channel. and 
the aquipment il desiped to permit a number of modes of operation by varylnl the pulses 
per ..:hannel. pulse repetition rate. and pulse width. A program control unit permits a 
network-type of operation In which a tranlmitter can aerve more than one path. and a 
receiver can be associated with more than one transmitter. 

The use of short pulses all\lwS a determination of such characteristics as mode struc
ture. signal strength. pulse cl1stortlon, and multlpath propagation. The extremely short 
Ican time permitted a nearly simultaneous study of all the frequencies in the band of 
interest. 

Ionospheric vertical loundlD, teclm1que. provided a vut amount of iDformltlon on the 
structure of the iODosphere. lonosondes measure the lowest frequency reflected from the 
Ionosphere (I-mini and the critical, or maximum. frequency reflected at vertical Incidence. 
The value of f-miD 11 related to the amount of ablorption iD the lonolpherei as the absorp
tion increases the minimum oblervable reflected frequency allo inCreases. The critical. 
or maximum, frequency reflected at vertical incIdence Is a function of the electron density, 
in(;reaaing aD the square root of the electron density. 

The 10nosonde la a radar-type iDstrument which t.raDImits short pullel of RF enerlY 
directly overhead and receives echo returns from reflection in the Ionosphere. Echoes 
occur from regions where electron densities are great enoulh to reflect the RF energy. 
Typically. the frequency Is swept through the ranee of 1 to 25 Mc iD about 15 seconds. 
Data is obtained by photocraphiq the 08c1ll0SCOpe display of echo returns. This yields 
virtual height of the reflectln,layer as a function of frequency. 

6.1.2 Objectives. The primary objective of the communications-effects measurement 
prosram was to determine the effects of high-altitude nuclear explosions on communica
tions perforr.lance at freql1eucill!s of military interest. Measurements to determine COm

munications performance included: attenuation of sign;Us. phase shift of Signals. noise. 
propagation mode structure, multipath propagation. distortion. and ionospheric composition. 

The secondary objective of the communications-effects measurement program was to 
obtalD data of a SCientific nature bearing on problems not yet clearly defined Or of unknown 
mUitary application. Data obtained will help assess the 11sefulness of various EM phenom
ena as detection tools and will help assess the hip-altitude detonation as an aid in the stl1dy 
of upper atmospheric processes. Measurements made at ELF and sub-ELF (de to 3 kc) 
are considered magnetic in nature for the purposes of this report and are covered In a 
later lection. Table 8.1 118ts the frequency bands of interest in military communications. 

8.1.3 Instrumentation. VLF noile produced at about 5 kc 11 attributed to motloD of 
particlel released by & nuclear detonation. This noise peaks at 4 to 5 kc and is known to 
be enhanced during periods of magnetic disturbances. AFCRL (Project 6.5a) operated 
5-kc receivers OD Samoa. Johnston Ialand, Ship S-5, Palmyra. Kaual, CantoD. and 
Tonptabu (Tones). 

The EM puls. generated by the detonation was measured by broadband receIvers on 
Johnlton Island. H1. wall, Palmyra, and Ship '-3. Thi8 pulse peaks at a few kilocycles. 
Instrumentation included two Wlderwater tra.&.1ing antenna installations on ~avy ships 
operated near oahu (Shot Star Fish only). The underwater measurements were obtained 
to provide information on indirect bomb damage aSlessment (!BDA) useful to submarine 
commanders. Thia project (7.1, was primarily interested in the atmospheriC shots at 
Chrlatmas IBland but did obtain data durIng Star Fish. 
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VLF propagation instrumentation Is shown in Table M.I. Much research has been 
performed to establish VLF for worldwide communications and as a navigational aid. 
Flsh Bowl instrumentation consiSted primarUy of receivers and on-site frequency stand
ards (stabUity of a few parts in 1010 per day) to mOnitor existinl VLF transmitters. Meas
urements cf noise. signal atrength, and phase Chancel yield information on the amount 
and arrival time of D-layer ionization induced by the hiih-alt1tude nuclear bursts. Infor
mation on servIce-sponsored measurements us1ni existing operational circuits is not 
lncluded in this report. 

LF pro.,agation instrumentation Is shown in Table M.2. 
No speci.al instrumentation ..... as fielded for MF measurelnents. Military ol"eratlonal 

circuits in this band include the worldWide Loran navigation system (1800 to 2000 kc). 
HF propagation instrumentation Is shovm in Table M.3. 
VHF/UHF propapt!on measurementl were made by Project '7.4 ualng a KC-135 and 

a B-47 to form a l1ne-of-sight communications link between Johnston Island and Hickam 
AFB. 

HF soundera used during Fish Bowl are listed in Table M.t. These sounders were 
operated for several weeks before Star Flsh and before the events in October and Novem
ber 1962. to obtain background data. 

6.1.4 VLF Results. The high-altitude events of Fish Bowl were not effective in pro
ducing significant degradation of VLF communications. However. all events produced a 
pronounced change in phase of the received signal and some change in amplitude over 
certain paths. Both absorption and signal enhancement were noted. The change in phase 
is associated with the decrease in D-layer height, the decrease generally being limited 
to a reduction In heilht from 90 km to about 70 km. Typlcally, the phase of ilie received 
li,nal advanced several hundred dearees shortly after burst. The effects at VLF from 
the Fish Bewl type of events are most significant if phase information is being used, such 
as in certain navigational systems. 

6.1.5 LF/MF Results. Significant localized effects on both phase and amplitude were 
noted on LF and MF bands. MF sky modes were generally lost on propagation paths 
crosslng tha burst or conjugate areai ground waves were not affected. 

On Star Fish. LF and MF circuits crossing the burst al.U'oral regions were unusable 
for Ot".o to several ~ours. By H.,. 2 hours about half of the circuits were usable, but none 
of thf~ circuits were completely back to normal Wltil the following nlght. The 76-kc cir
cuit :~'om Johnston to Hickam was out from H -to 0 to H -to 2 minutes. The 46-kc circuit 
from an aircraft south of Johnston Island was usable after burst at a somewhat reduced 
signal strength (antenna arced over at burst time for 1 to 2 seconds, cutting off trans
mission). 

Check Mate produced effects at LF and MF, which were very slmilar to those produced 
by Star Fish. Loran-C signala (100 kc) through the bl.U'st region and passing as far north 
as French Frigate ShoalS showed immediate loss of signal, which lasted for several min
utes. Some phase shift problema exiSled for about 1 hour. 

King Fish and Blue Gill produced outages of the Loran-C signal on north-south paths 
for several hours wi.th King Fish somewhat more effective than Blue GUl. The effects 
produced on other LF and MF circuits were less pronounced than for Star Fish. 

Tight Rope produced no significant effects in the :"F and MF baads. 

6.1.6 MF Results. At HF. the ionospheri~ absorption. traveling dlstw-bances in the 
F-region, synchrotron nolse, and spurious reflections affect communication Circuits. 
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However. actual circult outagea due to the eventa were Ie •• extenlive and of shorter dura
tion thaD bad been anUclpated. The 'lIe of oblique lounder technique. which can r~",id1y 
identUy Ulable frequeDOiel ud optimum routlDl. can to a laree extent overcome the 
effecU DOted after the Fiab Bowl types of bursts. Data obtained durLq Flsh Bowl wUl 
permlt a rennemet of ionolpheric reacUon rates. which may permit better scaling of 
oollUDUDloaUoDa .treeu from nuclear detoaaUonl. 

The HI' blackout problem. however. bas not been re.olved by the Flab Bowl te8ts; 
cllaDps in weapon orientation. use of multiple bursts. d.,tonations under daytime concH
Uonl or at extreme altitude. (above 1,000 km) may welllnduce alterations to the iono
Iphere sufiicient to blackout HF communications fer thousands of miles for many ttms 
of minutes after bunt. 

Star Fi.h blacked out HI' communications circults for 1 to 4 m!nutes through the burst 
and conjugate regions. Attenuation was noted in both mapetic cOnjugate areas for 12 
houri. One path. Kaual to Midway. was affected for 2 days. Star Flsh caused frequency 
lelection probleml. but d'id not serlously degrade communications effecUveness. 

Check Mate effecta resembled those of Star Fish. but were gready scaled down in 
spatial extent. Only paths wUhin 700 km of Johnston Island were significantly affected. 

The effect. from Klns Fish were delayed up to 1 hour on lome paths. Immediate 
attenua110n was noted on signal paths within 2 t 500 km of Johnston Island. but severe 
attenuation was llmltEld to path. within 500 ian of the burst point. F~layer depletion In 
th. northern area started at H + 25 minutes and resulted in poor communications for the 
rest of the nllht. 

Blue aill and Tipt Rope produced 81cntflcant effects at HF only. on paths through the 
burst relion. Unlike Star Fllh. Check Mate. and King Flsh t no bomb-created modes of 
propagaUon were ob.erved. In summary. from an HI' communications standpoint, the 
effects of mue Glll and Tight Rope were mL;).or. 

6.1.7 VHF/UHF Results. Line-of-sight propagation paths that did not cross the D
layer (or the fireball) were not affected by the Fiah Bowl events. The aircraft L'HF 
communications link between Johnston and. Hickam AFB suffered no degradaUon from 
any of the shots. The DCA Midway to Kaual ionospherIc scatter circuit (53 Mc) was 
adversely affected fot' 21 minutes by King Fish, 30 seconds by Star Flsh, and 20 minutes 
by Check Mate. 

8.1.8 10nosoMe .aelults. Prompt absorpUon effects were observed at all ionosonde 
stations following Star Flsh t Check Mate. King Fish. and Blue OUl. These events also 
caused traveling disturbances in the F-reglon over a large portion of the Pacific Ocean_ 
Tipt Rope produced DO Doticeable effecta except at the lonosonde located at Johnston 
Island. 

The cbanges in the ionosphere resulting from Star FIsh were greatest at stations 
located near the MAlDetic meridian passing through t~'e burst point. The greatest dura
tion of total blackollt. approximately 85 mInutes. o( .,~rred at Frencb Frigate Shoals. 
Following this totai blackout. a large amount of absorption persisted for several hours, 
and only weak echoes from the F-reglon were observed. 

At Tonga and at the north conjugate point near French Frigate Shoals. an ex~ended 
period of blackout was also observed follOwing Star Flsh. At H'" 51 minutes. weak re
turns from high ln the F-region were observed. The value of f-min at H'" 80 minutes 
waa near 8 Mc. decreasing to 2 Mc at H + 3 hours. a value only 1 Me above preshot 
conditions. 
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At Tutuila (Samoa). very dramatic ionospheric effects were alao obaerved after Star 
Fish. Total blac:kout lasted only Cor a few seconds. The value of f-min, although exceed
Ing 12 Me for a abort time. dId not. cause a blackout beyond the initial 6 aeconds a8 critical 
frequencies in the F-reglon increased concurrently to values gr·eater than the 20 Mc (upper 
limit of the 10n080ooe). thus. communications circuits having reflection polDt8 in this re
gion would have luffered only temporary interruption. The value of f-min dropped very 
rapidly from the lnlti'll high value to within 1 Mc of ita preshot value by H + 10 minute8. 
The critical frequency, however, remained very high. It is 11ttereatlng to note that the 
ionization created over TutuUa following Star Fish was on the order of 4 times the maxi
mum value that exiats at noon on a normal July day. The increase of F-reglon critical 
(requency trom 4 Mc to more than 20 Mc indicates a greater than 25-fold increase in 
electron density. 

Star Flab produced perturbaUonl In the ionosphere in the equatorial regioD over Canton 
Island which. while significant. were much less than observed at other lonosonde stations 
alone the magl'etic meridian. Blackout occurred for oaly a little over a minute after burst. 
No F2-layer effect was observed until about H + 7 minutes. when the critical frequency be
gan to increase. ristng to a value of 11.5 Mc at H + 20 minutes. This increase of critical 
frequeucy COrrel!ploo·i to an increase in electron density of more than 2.5 times that which 
existed prior to the detonation. 

The effects observed at Maul. Midway. KwajaleiD, and Wake were smaller in magnitude 
than at the staUons dlscussed previously. 

At Johnston Island, Star Fish caused comphlte absorption for several minutes. At H + 24 
minutes, a new layer formed. which had a critical frequency eange of 10 to 15 Mc at 
heights from 400 to 550 km. A considerable spread effect was notl'!d. The layer density 
increased with time, and the highest frequency was greater than 25 MC', f-min was ob
sen:ed to be 5 Mc. At sunrise the following morning. f-min remaint~d at a bigher-than
normal value. The F-Iayer critical frequency was considerably 10 .... er than normal . 

. Check Mate. Klng Fish, and Blue Gill caused prom}:t absol'ption eif,ects at all iono
&onde stations. These events also produced traveling disturbaneat! in the F-region over 
a large portion of the PaCific Ocean. The delayed effects noted were greatest following 
King Fish, but these were still considerably less than the effects noted after Star Fish, 
The overall effect of Check Mate and Blue Gill tended to be about equal. HoJwever. the 
principal traveling disturbance was located higher in the i.onosphere (mainly above the 
peak electron denaity of the F-regionl for Check Mate than for Blue Gill. Following King 
Fish. daytime f-min was higher than normal at Maui, French Frigate Shoals. T~tui.la, 

and Tonga. Blue Gill was followed by abnormally high daytime f-min at French Frigate 
Shoals. Canton, Tutuila, and T')nga. On Johnston Island, comple~e blackout was observed 
for 45 seconds after Check Mate. 2 1-.ours after King Fiah. and 3 ho.:C's after Bil.le GUl. 
Blackout on Johnston Island was bllowed by abnormally high f-min 1\,,' critical frequency 
for the remainder of the nights following these three events. 

Tight Rope produced effects detectable only in the Johnston Island area. 

6.2 RADAR EFFECTS 

6, ~.1 BackgrQund. One of the more Significant military effects of nue lear detonation 5 

at high altitudes is the degradation of radar system performance. Experimental data is 
urgently needed to design defense systems which will be effective (in a nuclear environ
ment) againSt ballistic missiles. Information gained on the defense problem is applicable 
to the complementary ufftmsive problem of ballistic missile "'letrr.tion. Present and 
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proposed defense systems require radar early warning. acquisition, discrimInation, and 
hIgh-precision target tracking OD incoming reentry vehicles. 

The detonation of nuclear devices at high altitudes produces complex phenomena de
pendent not only on yleld, altitude, and fission-to-fuslon yield ratio, but also upon weapon 
orientaUoD, burst 10catioD with respect to the earth's magnetic field, and the time of day. 
The ionizing radiation and ionizing particles from the detonation produce wide-scale ef· 
fects. In addition. the fission products are a signlflcant contlnuiDi source of ionization 
that remalna effective for many hour .. 

TypIcally, radar search systems operate in the UHF band (300 to 3000 Me) md track
ing and guidance radars in the lower part of the SHF band (3000 to 10.000 Me). Even 
short periods of degr"dation of these frequency bands induced by high-altitude nuclear 
bursts may seriously affect system performance. Degraclation of surface and air search 
radars whoae propagation paths do not traverse the Ionosphere can result from backscat
ter and EM noise produced hy a nuclear detonation. 

6.2.2 Objectives. The general objective of the radar measurements program waa to 
obtain data on tbe magnitude, duration, and spatial extent of burst-induced EM nOise, 
radar clutter. sIgnal refraction. and attenuation at commonly used radar frequencIes. 

RF nOise is an imp~rtant parameter in any radar system in that it determines the 
minimum signal that can be detected, and hence, the maximum range of detection for a 
given target. The objective of the noise measurement program was to determine the EM 
energy incident upon radiometer anteMas on Johnston Island and on the USAS American 
Mariner (DAMP ship). 

The objective of the clutter measurement program was to assess the miUtary signifi
cance of the radar reflection phenomena of high-altitude nuclear detonations. Specifically. 
the objective waa to determine. as a function of time. the ItreJlllb. po_mon in space, and 
variation as a fUnction of frequency t of the radar reflecttons associated with the burst 
region, auroral display occurring in the magnetic conjugate areas, and tube of ionization 
passing overhead at the magnetic equator. 

Following a high-altitude nuclear explosion, the refractive index of the atmosphere Is 
modified by the sudden ~ncrease in air temperature and by the change in the density and 
distribution of electrons. This may cau~e the paths followed by EM waves to differ from 
those in the normal atmosphere. Also, the apparent angle of arrival of the return signal 
may fiuctuate, because the signal crosses regions of time-varying refractiv': index, so 
thAt tracKia,g would be extremely poor or even impossible. Both of these efteets were 
lnve,:·igated on paths through and near the burst region, and on paths through other re
gions of high electron denSity, at frequencies of 1000 to 10,000 Mc. 

The objectives of the attenuation measurements program were to measure: (1) one
way attenuation of CW RF signals at 1000, 5000, and 10,000 Mc through the fireball and 
its near vicinity as a function of time. (2) one·way attenuation of a C-band (5775 Me) sig· 
na1 through the burst region and through other regions of high electron density as a func
tion of time, (3) attenuation of RF signals passing throug!l the D-, E-, and F·layers of 
the ionusphere at selected frequencies between 37 and 1800 Mc as a function of time and 
space, (4) electron Hne denSity as a function of time and space, and (5) electron density 
as a funct ion of time and space. 

6.2.3 Instrumentation. Burst-i.nduced radar noise was measured durmg all five Fish 
Bowl events by the instrumentation listed in Table N.!. The location of the DAMP ship 
for each event is shown in Appendix D. 
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Radar clutter was observed during all five FIsh Bowl events by the instruments listed 
in Table N.2. Tbe ahipa and aircraft carrying clutter lnatrumentation are also listed in 
Table N.2. Flgure 6.1 Is a photocrapb of the 86-foot-diameter antenna at Jobnston Island. 
used by SRI in Project 6.9. 

Radar refractIon and refractlve jitter were measured on all five Fish Bowl events by 
the instrumentation listed In Table N.3. Flgure 6.2 Is a photograph of the DAMP ship. 
Rccket-Orlng scbedules for Projects 6.1 and 6.13 are given in Appendix F. 

AtteDuaUon It radar frequencles WII meaaured cUrecUy on all flve Fllb Bowl events 
by instrumentation listed in Table N.4. Tbe location of ships used as receIving stations 
is shown In Appendix D. The general experimental plan [or obtaining data on attenuation 
is shoWli in FIgure 6.3. 

Measurements of electron Une density and electron denslty wereacconlpl1shed by in,. 
lItrumentation li.ted iD Table N.S. Figure 6.4 1. a photograph Ihowing foW' Project 6.13 
Nike-Apache rockets equipped with C-band beacons on Johnston Island. Figure 6.5 is a 
photograph of the Project 6.1 shipboard antenna system. 

6.2.4 Rewlts. Noise. The data obtained on the FIsh Bowl eventl Is adequate to deter
mine directly the amount of noise injected Into radar and communications antennas by 
such bursts. The function of altitude and yield in determining the amount of radar inter
ference may allo be deduced from the data. A typIcal radar receiver wltb a nollfY figure 
of 3 db corresponding to internal noile of 290· K would be subjected to a 30-fold increase 
in the noise background level for a short time by the Cbeck Mate burst. On the other 
hand. Star Flah produced only a small amount of nolle jammll\l. Further analysis of 
the radiometer .data wUl permit calculations of: added noise arilin&' from the burst re
gion. attenuation through the fireball. temperature of the firebul. and electron density 
in the disturbed reglon. 

The highest anteMa telrlperature. were observed for Check Mate, with a maximum of 
9,000· Kat S-band. Smaller antenna temperatures nearly proportional to the burst alti
tudes were measured for King FiSh. Blue Gill. and Tight Rope. As expected. the dura
tion of the signals was shortest at Ka,-band 135,000 Me) where the average duraUon was 
30 seconds. The excess antenna temperatures at S- and L-bands lasted approximately 
10 times as long as those at Ka-band. The peak temperatu.res did not appear to be a 
strong function of the weapon yield as had been previously expected. 

Selecttd raw data on maximum excess temperature i8 tabulated in Table 6.2. This 
data has [ . .)t been couected for the burst size relative to the antenna beam size. The 
approximate duration of the excess temptlrature is shown in Table 6.3. 

Such increases in noise can deerade radar performance. The actual reduction in 
signal-to-nolse ratio for any particular radar system requires a detailed analysis of the 
individual system characteristics. 

6.2.5 Results. Clutter. A very good correlation was found to exist between the IpaUal 
extent of radar clutter from the burst region and the vlsual eUects. Table 6.4 shows the 
duration of this clutter as measured by SRI on Johnston Island. Star Flsh produced no 
significant b>~rst regioG clutter and Ls not Included in the table. 

TLe DAMP ship also obtained data On burst region clutter at C-, L-. and UHF-bands. 
The SRI radar on Johnaton Island observed echo signal-to-noise ratios considerably 

in excess of 30 db (echoes were saturated). These echoes were observed on radars with 
sensitivities of about 40 db less than the sensitivIty of radars planned for use in ballistic 
misslle defense applications. Thus, the echoes observed would be seen with signal-to
noise ratios in excess of 70 db on future ballistic missile defense systems radars and 
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would make it difficult to track a reentry vehicle iD the burlt relion. In addition. theae 
ocboes are lumcienUy intense to be seen iD the side lobes of sucb radars wben tracking 
tarletl outlide the burlt region. 

A preliminary lnvestilatlon of the echo amplitude characteristicI showed that the burst 
area ecboes at all three frequencies saturated to some degree within the first 60 seconds. 
The onnt of echoe. u.ually occurred a few .. coDd!j after burlt ab80rpuoD at very early 
time was lufflcient to black out any echoes. For Dlue Gill. the 1210-Me ecboea first 
appeared at H+ 3 aeconds, the 8S0-Mc echoe» appeared at H+ 5 seconds, anu the 39S-Mc 
echoes ap .. eared at B + 8 seconds. 

The existence of radar clutter from the vicinity of hlgh-altltude nuclear detonations 
bas now been estabUshed. Previous effects test8 and predictloD8 have suggested that such 
buret-relioD clutter mlCht be leeD. but the fact that It wu .. en 80 early and for 10 lone 
a time Is of great importance to ballistic missile defense radar design. 

Enerletic beta prarticles and ionized debriS. confined by the leomqneUc field, travel 
to the conjupte polats producinC radar clutter. auroras. and absorption iD those areas 
as they reenter the atmosphere. Extenstve fleld-aUned radar clutter from Teak and 
Or .. e was oblerved durine Hardtack. Much of this bomb-produced clutter is believed 
to be due to ionizatiOn that become, a1lned with the earth', mapetic field lnto lona col
W1UII, which scatter anisotropically. neld-aIlDed lomation 18 by no muns the enUre 
story; absorption. localized debrll cloud. abock wave •• and other travelinJ disturbances 
complicate the picture 10 that nO single radar location, or sinale frequency. is adequate 
to leparate the effects observed and to relolve the uncertainties. DurIng Fish Bowl. 
long-luting. field-allned auroral clutter wal observed 1D both the Northern aDd Southern 
Conjupte Areal after Star Fish, Check Mate. and KlnC Fi,b. 

The ionoaphE.ric cluner formed in the Southern ConJupte Area was found to btl quite 
restricted in spatial extent at early times. To obaerve thi. clutter. tbe radar mUlt be 
directed to a point approximately 75 km In altitude and down range sufficiently to look 
perpendicular to the field lines. The clutter area appears to expand after tens of seconds, 
and at late Urnes can become quite widespread. Obaervations in the Southern Conjugate 
Area indicate that a systematic error exists between the conjugate point calculated using 
Finch and. Leaton coefficients (Monthly Notices, R. Astron. Soc .• Geopbys. Sup .• Vol. 7. pp 
314-317. 1957) for 48-term expansion of the IlI1lCllet1c field and the observed conjugate 
point. This error is about '1,_ latitude from the true conjugate point located south of the 
calculated point. No erro:' in longitude was noted. 

The field-alined clutter in the Northern Conjugate Area was observed for several hours 
after Star Fish. Check Mate, and K.ln& Fish. Echoes at 400 Mc persleted considerably 
longer than ilt the hlgher frequencies. The overall significance of this clutter in relation 
to ballistic missile radar systems must await further data analysis. 

The CantoD Island 27-Mc radar received r;)choel from the tube of ionization aDd/or 
debris connecting the burst region and the magnetic conJnpte region on all "89ts except 
Tight Rope. 

8.2.6 Results. Refraction. A very couiderable body of data on refraction of radar 
signals was obtained by Projects 8.1 and 6.13. Much more data reduction and analysiS 
is required to assess the significance of refraction aDd refractive jitter measured during 
Flsh Bowl. Figure 6.6 shows the periods of time around H-hour during which rocketborne 
beacoDs and transmitters were aloft and operating. No grOSB refraction of radar signals 
was readily apparent from a preliminary lUW!yslS of the elata. HoweVer, it appears that 
refractive jitter may be a severe problem under some conditions. On Blue Gill, Project 
6.13 encoWltered severe angular jitter between H+ 318 second8 and H+ 348 seconds and 
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actually lost track due to jitter at H'" 546 seconds. On King Fish, track loss at H + 321 
aeconds bas been tentatively attributed to angular jitter. 

Initial radiations from high-altitude detonatiol's caused widespread ionization for 1 to 
2 seconds. which iJlduced trackinc scintillations at a frequency as high as 20 cps. This 
prompt effect adversely affects radar trackinJ capab1l1ty and makes target discrimination 
more dift1cult. Effects at later timAs depend upon the location of debris and other regions 
of intense ionization. 

6.2. 7 Results. Attenuation. Radar signals from rockethorne transmitters also pro
videctone-way path attenuation information during the periods of time around H-hour 
shown in Figure 6.6. Test results lndicate that the fireball is opaque to radar frequencies 
for 40 to 60 seconds after burst. Flgure 6.7 is an example of the type of data obtained. 
The itgure ehoWI the AGC (automatic ,aiD control) record obtained on Ship S-3 during 
Blue Gill for X-. C-. and L-band frequencies. The rockethorne CW transmitter from 
which the data wal obtained wal launched from Johnston Island at H-1l2 seconds. As 
viewed from Ship 5-3. the transmitter was behind the fireball at burst time and remained 
behlDd the fireball for at lealt 150 seconds. 

Star Fish wal not effective in degrading radar system performance. No intensive 
absorption of the type that would affect radar propagation persisted for more than a few 
seconds. No debris pancake was formed. There were no intense clutter effects at radar 
frequencies. 

No fireball attenuation measurements were made on Check Mate. The burst-produced 
Ionization did not prevent track of a C-band beacon by Project 6.13, but careful data analy
sil w1ll be required before extrapolation can be made to other frequencies and other types 
of tracking .ystema. RadIo noise and long-lasting UHF auroral clutter tentatively appear 
to be more effective in degrading radar than attenuation at the Check Mate yield and 
altitude. 

The King Fish burst would have caused considerable reduction in senSitivity of any 
radar attempting to track a target through the fireball regIon. At L-band, the attenuation 
would have been in excess of 114 db for 16 seconds decreasing to 30 db between H + 16 and 
H + 39 seconds. The actual reduction in overall defensive effectiveness would depend criti
cally upon the actual radar. The King Fish burst also produced a beta patch that may hc-:. .. e 
remained stationary for as long as 30 seconds before moving northward. Severe attenua
tion through this beta patch at both C- and L-bands was observed for 40 seconds after bW'st. 
It if) concluded that the occurrence of a King Fisb burst in the locale of a ballistic missile 
defense radar would sariously degrade its performance for appreciable lengths of time. 

The most serious eHect of Blue GUl was the fireball blackout. X-band attenuation ex
ceeded 30 db for 40 aeconds with recovery at H + 80 seconds; C -band attenuation was 
greater than 52 db for 40 seconds with recovery at H + 90 seconds; L-band attenuation 
exceeded 47 db until H+ 85 secoDds with recovery at H + 10~ seconds. In ackllU')D, gamma-, 
X-ray-, and beta-induced ionizaUon produced blackout outside of the fireball, which caused 
very targe L-band attenuation until H -to 60 seconds to distances of 15 to 20 Ian from the fire
ball center. A more extensive ionized region out to at least 5(1 Y.Dl caused severe attenua
tion at 37 Mc for more than 30 minutes. It is difficult to imagine a balUsUc missile defense 
system in which such performance degradation could be tolerated. The Blue Gill burst, in 
addition to causing fireball biackout. also degraded radar perf('lrmance by prodUCing exten
sive long~lasting radar clutter (to H + 25 minutes ai; UH F), by causing angular tracking 
errors, and by producing an increase in baclcgroc.nd noise. 

The Tight Rope detonation produced a well-confined fireball that was opaque to radar 
frequencies. Strong reflections from the fireball were observed for 4 minutes a:ter burst. 
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Fireball attenuation is most difficult to determine without extensive data analysis because 
of the tliht pometry .. sociated with the small (0.7-km radius at 10 seconds) fireball. but 
it is known that X- and C-band frequencies were blacked out or highly attenuated on paths 
throup the dreball for 7 to 1'7 SIIcondS after burst. Severe L-band attenuation through 
the fireball il believed to exist for times up to 1 minute atter burst. There is not enoush 
information yet available to translate these times Into a solid anile of the absorbing re
gion. but the absorption il certainly sufficient in both time and apace to be of some con
cern to balUsUc mwiJe defense radars. 

6.3 DEBRIS HISTORY 

6.3.1 Background. The dispersion of nuclear debris deposited In the upper atmosphere 
as a result of a blgh-altitude detonation depende markedly upon the hai&ht of burst. DebriS 
distribution will be affected by the magnetic field. hIgh-altitude winds. and diffusion proc
esses. It 18 useful to determine the location of this debris as a function of time in order 
to arrive at a better UDderstand1ng of the phenomena of hlp-altitude detoaation8 and their 
effects. In addition to direct measurements. the location of debris may be inferred from 
effects measurements obtained by such instruments &8 vertical and oblique Bounders. rl
ometers, and clutter radars. Photography and spectr08copy alao yielded. data bearing on 
debris history; the data is presented in Section 6.6. 

Project 6.7 rocketborne masnetometers. beta detectors. mass spectrometers, gamma 
detectors. faraday cups, and photometers gathered information on early debris history in 
the immedIate burst regton. Project 6.5b balloonborne gamma and neutron detectors 
made measurements in the Southern Conjugate "Area. Gamma detectors in aircraft mapped 
debris in the burst and conjugate regions. Optical resonance scattering techniques were 
used by Project 6.6 for detection and tracking of debris at selected Pac1f1c aite., and 
Project 6.12 satellite observations attempted to perform a worldwide survey for eVidence 
of fission debriS. 

Following the radiative phase of a nuclear detonation. about 25 percent of the bomb 
yield remains in the form of hydrodynamic energy of the debris. The debris then expands 
until brought to rest by the surrounding medium. For lower altitude shots. the fireball 
and debriS rise and expand. Tr.o;t hydrodynamiC streaming of the air around the fireball 
causes an upwelling of air at ,he bottom of the fireball that eventually converts it into a 
torOid. This interaction imparts a lateral velocity to the fireball. and the debris is 
spread oct horizontally. For higher altitude shots, radioactive decay of the fission debris 
provides relativistic electrons, which may be guided to the opposite hemisphere by the 
geomagnetic fteld. Those beta rays that mirror at altitude. above about 200 km wul drltt 
eastward. However, because of the scattering at the mirror points, betas may drift only 
a short distance to the east before they are removed. 

The low atmospheric density at the altitude of Star Fish permitted the debril to expand 
to great distances. At early times, the primary interaction was with the geomagnetic 
field. If the debriS is highly ionized. it excludes the magnetic field from its interior as 
it expands. formillC a bubble in the mqnetic fleld. The larger the fraction of debr Is that 
is iOnized. the greater the energy aVailable to interact with the magnetic field and the 
larger the bubble. As the magnetic pressure outside the bubble increases, the ionized 
portion of the debriS is slowed and finally stopped when the magnetic pressure equals the 
material pressure. The neutral portion of the debris Ls not affected by the magnetic field 
and continues to expand. 

The high-altitude Fish Bowl shots provided an opportunity to verify ~xperlmentally (or 
refute) various theoretical models of detonation phenomenology as related to the ultimate 
fate of the debris. 
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6.3.2 Objectives. The objectives of the debris measurements program were to deter
mine: (1) interaction of the debris with the geomagnetic field. (2) state of ionization of 
tile debris as a function of time. (3) flux of gamma and beta radiation from the debris ad 
a function of time. (4) extent of electron trapping by tbe geomagnetic field. (5) location 
of the debris as a function of time. (6) density of selected nuclear debris constituents 
over a wide geographical area as a function of Ume. (7) processes (i.e .• diffusion. mag
netic guid1qJ. wind transport. turbulence) that act to distributE' the debriS and the relative 
importance of eacb. (8) .IUIlount of ionized debris guided to the conjugate area by the geo
mapetic field lind the debriS arrival time. (9) Ion denSIty Ill' species Ln the burst region. 
and (10) intensity and spectral distribution of aurora. 

6.3.3 Instrumentation. The instrumentation employed to determine debriS history is 
Usted i.D Table 6.5. 

The Project 6.5b balloonborna gamma detectors and neutron cOWlters were released 
from Samoa and from a ship in time to drift to the appro~mate conjugate point and be at 
lOO.OOO-foot altitude at burst time. Preburst flights were made to obtain background 
data. postburst flights were also made to determine long-term effects. 

Project 6.Sb photometric and photographic instrumentation consisted of six tricolor 
photometers. five all-sky cameras. two time-of-arrival photometers. two camera spec
trographs. aDd two 35-mm cameras. 

Project 6.6 used both birefringent and four-barrel interference photometers. In both 
types of instruments. photomultipliers with high cathode eUlo::iency and filters were used. 
Four-barrel photometers were used at Johnston Island and on Ships 5-2 and S-4; bire
frinlent photometers were located on Ship S-l. French Frigate Shoals. Tutuila, and 
Tongatabu. 

The Project 6.10 gamma-ray spectrometer was installed in the project KC-l35, which 
operated in the Southern Conjugate Area at an altitude of about 40,000 feet. At this alti
tude, the atmosphere above the aircraft causes S to 10 scatterings of gamma rays in the 
0.5- to I.O-Mev energy range. Gamma rays in the 4- to 5-Mev range undergo only two 
or three scatterings with much less degradation of energy. Suitable calculations are 
requireri to ploperly interpret the measured energy spectrum. 

Project S.8 used riometers to measure ionospheric absorption and synchrotron radia
tion. The riometer, or relative ionospheric opacity meter, was originally developed for 
the International Geophysical Year aGY) by Little and Leinbach at the Geophysical Insti
tute, College, Alaska. Riometer stations operating at frequencies of 20, 30. SO, and 
120 Me were established at val"ious distances and directions from ground zero. Other 
stations were located about the conjugate points. Twenty-two sites (Table 6.5) were 
chosen for riometer locations. Following installation, in Mat 1962, the equipment was 
kept in continuous operation so that typical quiet-day curves for each area could be ob
tained. By measuring the intensity of cosmic noire received at the earth's surface with 
riometers. the variations in ionospheric absorption at various frequencies with respect 
to time after detonation and distance from burst point could be determined. 

Project 6.7 launcbed five rockets for Star Fish and two for Check Mate to study mag
netic containment of debriS. Trajectorles for the Star Flsh rockets are shown in Figure 
6.8 and listed in Table 6.6. All project rocket payloads were identical. The complete 
payload weighed 433 pounds and was 26 inches in diameter and 52 inches long. instru
mentation in the payload is listed in Table 6.7'. Data was telemetered to receiving sta
tions on Johnston Island. Canton. Frencb Frigate Shoals, Oahu, and Hawaii. 

Projects S.2 and 6.3 hunched Nckets from Johnston Island during Star Fish, King 
Fisb, and Blue Gill. Project 6.4 had instrumentation in some of the rockets for Star 
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Fish and King Fish. The rocket-firing scbedul~s and types of measurements are given 
in Appeniix F. 

Project 6.12 attempted to in· .. estigate the spread of fission debri 5 around the earth with 
spe~ially designed research packages on Discoverer satellites. B~cause of the schedule 
slippages encountered in attempting the nuclear detonations, the project was not able to 
obtain data during the time of primary interest. 

6.3.4 Results. Shot Star Fish. The Star Fish debris was not confined locally, and 
there are indicltions that more than half of the debris was ultimately deposited in the 
Southe"n Conjugate Area. The initial expansion of the debris had a velocity asymmetry 
of about 3 to 1 with the initial velocity beIng about 2 ,000 km/ sec horizontally and about 
700 km/ sec vertically. The initial excursion of 'he debris in the downward direction 
was less than 200 km. The Project 6.2 gamma ray scanner was not able to map the burst 
region debris contours, because the detectors were saturated by bremsstrahlung radiation. 
Project 6.6 photometers observed lithium at all stations. Stations in the Johnston Island 
area noted a maximum concentration of lithium during the first tw1l1gdt. At TutuUa, the 
maximum concentration of lithium was observed durIng the third twilight. Barium, ion
ized barium, and z.irconium were detected only from Johnston Island and the close-in 
ltaUona. Reduced CODcentrations of debris were measured during the 2 weeks foHowing 
the event. Tbe data obtained will permit a calculation of specie de:lsity contours. 

Gamma ray mapping by U-2 aircraft several hours after burst indicated that the de
bris concentration in the Northern Conjugate Area was 10 times greater than in the burst 
region. A gamma ray counter in the Project 6.10 aircraft in the southern area indicated 
that the debris was centered about 200 miles west of the true conjugate point anli that 
about 50 percent of the Star Fish fission debris was deposited in the southern hemisphere. 
The debris appeared to have a very sharp northern boundary and a diffused southern 
boundary. The Project 6.5b balloonborne gamma ray detectors obtained data that, on 
preliminary analYSis, i.ndicates that subst .... "ltially more than half of the Star Fish debris 
was depoSited in the Southern Conjugate Area. 

Riometer records following Star Fish are difficult to interpret because of synchrotron 
radiation. In general. noise exceeded the attenuation at riometer stations within :!OG of 
the magnetic equator; varying amounts of attenuation were observed elsewhere. Some 
d&oris did remain below the burst, with a maximum density at about 300-krn altitude at 
about H.,. 25 minutes. Very little debris was below 150-km altitudp. at this time. Thls 
shows that. at least in the downward direction, very little debris became neutral at early 
times. A nonunifor~n pattern Jf debris below the burst point is indicated by a second 
maximum in attenuation measured at several riometer stations. This debris could be 
toroidal in shape with a radius of about 150 krn . 

The georraph.ical distri.butioL of delayed attenuation is consistent with containment of 
charged debris by the geomagnetic field, yielding areas of strong attenuation at each end 
of those fieid lines passing through the burst point. These areas were about six times 
longer along the magnetic field than across it. The attenuation observed in Alaska indi
cated that an appreciable fraction of the debris must have risen to eeveral thousand kilo
meters above Johnston Island. However, there is no indication that a significant quantity 
of debriS escaped from thtt earth • 

Synchrotron radiation showeu that an artificial belt of electrons, trapped in the mag
netic field. was produced by Star Flsh. There was an intense bUrst of synchrotron nOise, 
peaking within 5 minutes after detonation. detected at sItes along ilie magnetic field line 
within 23· from the magnetic equator. About 25 percent of the electrons producing noise 
in this burst made at least one drift arowld the world. There was 3 second maximum in 
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noise that follow8(f the ILrst maximum by 22 to 23 mir i!5. A third maximum was detect
able on several rlometera. At Ruaneayo, Peru, the. Jl'th maxJ.mum was also observed. 
This indicates that the electrons remained partially bunched for several passes around 
the world. 

6.3.5 Results, Shot Check Mate. Tbe initial size of the Check Mate firebali 
}emained nearly constant for several minutes after the detonation. 

After the iDJ.t1al fireball formation, the flreball ro ..... whole and elongated along ~e 
magnetic field. The debris rose to approximately 250-km altitude and spread into long 
streamers along the magnetic field, slowly forming an arc that stretcbed all the way 
between the conjugate POUltS. Tbe main part of the northward-moving debris stopped 
within a few minutes. Tbe debris also drifted eastward as a unit with a velocity of 100 
to 150 lan/br for the fir It few bourl. An estimated 5 pe:rcent of the debril was deposited 
in the Southern Conjugate Area. 

Photometers on Johnston Island detected ionized barium from 180-km altitude down to 
about 100 km. Below 100 km. the barium bad probably recombined. Neutral barium, 
lithium, and zirconium were also detected at Johnston Island. No debris was detected by 
photometers In the Southern ConJucate Area. At the aecond twilight (H + 21 hours), ionized 
aod Deutral barium were still present at Johnston lslandt however. there had been a marked 
decrease since morning, and at succeeding twilights all species were below threshold. 

Immediate attenuation was observed by the riometer stations within 900 km of Johnston 
Island and by the M/V Acania at the southern conjugate point. Delayed attenuation was 
experIenced at stations in the burlt area and along the magnetic merldlaD north of the 
burst point. The delayed attenuatIon at Ships S-4 and S-7 and the DAMP ship is cODslstent 
with what would be expected from nsslon debris riling to an altitude of 200 to 300 km. The 
DAMP ship rlometer noted the beta patch IweeplDl across the antenna as the debris rose. 
Except for the immediate attenuation noted by the Acania. no southern hemisphere riom
eters observed effects from Check Mate. 

Trapped beta electrons from the Check Mate burst were very quickly lost by collision. 
Riometer stations along the magnetic meridian through the detonation point recorded ex
cess noise for a short time. However, no synchrotron radiation was noted at Christmas 
Island, Palmyra, or any station to the east of the detonation. 

6.3.6 Results, Shot King Fish. 

By 90 seconds, the fire
ball was primarily growing along the magnetic field lines. Early instabil1t1es in the 
expansion were not apparent, and no jetting of debriS occurred. 

Riometers observed immediate attenuation in the northern region between Johnston 
Island and French Frigate Shoala. Delayed attenuation measured at rlometer stations 
north of the burst point is consIstent with a rising debris cloud that deposited debris 
along geomagnetic {leld lines above an altitude of 350 km. The decrease of attenuation 
is very cl08ely proportional to C 1.2, indicating that the debriS did not continue to expand. 
The bulk of the fission debris was deposited at the base of those magnetic field line s lying 
between 400- and 700-km altitude above ground zero. Riometer records also indicate a 
low-lying debrtJ !.egion (100- to 150-km altitude) containing perhaps 10 percent of the 
~bri8 that expanded to a radius of about 200 kIn within 15 minutes. 

The gamma ray countlng rate as measure(j by the U-2 aircraft at H+ 6 hours was 
greater by a factor of 40 at French Frigate Shoals than at ground zero. Measurements 
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of pmma ray intensity in the southern hemisphere indicate that only a very small frac
tion of the fission debris wall deposUed in the Southern Conjugate Area. 

No sl&nJ.ficant quantity of long-lived betas were trapped in the ~eomagnetic field. The 
artificial .electron belt loe. rate was exceedingly high. Peru recorded an increase in 
noise of 10 percent above background at H + 11 minutes, but there is no indication of fur
ther eastward movement of the belt. 

6.3.7 Result., Shot Blue GlU. The behavior of the Blue Gill fireball was reasonably 
consistent with preshot predictions. Initially, a well-defined fireball was formed. which 
grew to a radius of seve roll kUometer& in a few seconds. 

A luminous cloud, presumably the bomb debriS. was observed 
within the fireball. Tbia cloud rou relative to the fireball as a whole, eventually push· 
log through the top of the fireball and spIlling down the sides. StUll~ter the cloud evolved 
into a torus which oontinued to rise to an alUtude of about 80 km, at which time vertical 
motion ceaseeL 

The debris from Blue G1I1 was contained by the atmosphere. with late-time motion 
beine determined primarlly by wind patterns, and with no Significant Influence by the 
macn.eUc field. The del)ris moved at a velocity of about 100 km/hr, on a heading of 
approximately 70-. No neutrons, delayed gamma rays, or resonant scattering f!'tlm de
bris were detected in the southern hemisphere, inellcating that all the debris remained 
in the burst area as was anticipated. The balloonborne gamma detectors in the Southern 
Conjugate Area did observe a sharp increase in background count, but the energy distrib~· 
tion indicates that this count 1s due to brp.msstrahlung from betas. Birefringent photom
eter data from Ship 5-1 (located in tho Johnston Island area) shows that there was a very 
small trace of iODized barium am a small amount of neutral lithium from 130 km down 
to 90 km at the f1l'st mornIng twilight. At the second twilight. a reduced amount of lithi
um was observed. No other photometer stations detected any debris. 

At Johnston Island. rlometer measurements were made on 30, 60, and 120 Mc. The 
maximum attenuation observed was 15 db. The attenuation decreased to 7.8 db at about 
H + 7 minutes. A further slight decrease Ln attenuation to about 7.6 db occurred between 
H~ 7 and H+ 13 minutes, after which it increased to 7.8 db by about H+ 20 minutes. After 
H + 50 minutes, the attenuation decreased monotonically to 3 db at about H ... 85 minutes. 
Recovery was complete by H+ 4.5 bours. 

Similar results were observed on 60 Me. where the maximum attenuation observed 
was 18 db. The initial fast recovery rate lasted until H ... 3 minutes, when the attenuation 
had fallen to 6.5 db. A minimum of 3.2 db was observed at 1-1+ 7 minutes. An increase 
to 4.8 db followed, and the attenuation remained at this value until H'" 32 minutes, when 
recovery began. By H ... 45 minutes. the attenuation had fallen to 3 db, and the return to 
normal was completed by H'" 3.5 hours. Tbe maximum attenuation observed on 120 Mc 
was about 2 db. This had decreased to 1 db by H + 5 minutes, and then slowly decreased 
to an unmeasurable value by H + 65 minutes. 

The intual blackout and relatively fast recovery appear to be caused by prompt gamma
ray ionizaUon, together with a contrlbuUon from prompt neutrons and beta rays. The de
crease In rate of recovery probably corresponds to the onset of a significant beta-ioniza· 
tion contrlbution. As the debriS clcud spreads and covers a greater fraction of the riom
eter antenna pattern. the observed attenuation tends to increase. At the same time, :he 
overall beta activity is decreasing as C 1. z, tending to decrease the attenuc.tlon. For a 
while. the oppOSing tendencies nearly balance, and the attenuation remaius essentl.-.lly 
constant. Finally, the beta-iOnization reglon has completely covered the antenna ~attE'rn. 
and the attenuation decreases with the decaylng beta activity. 
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Rlometers aboard Ships 5-1 throuah 5-4, located near ground zero, oblerved effectl 
very limilar to thole on JOMlton Island. In the Southern Conjupta Area, no attenu.tioh 
was observed at any lite except at Samoa, and on the ship. Acania and Hlfotua. The 
Acania reported prompt lOO-percent absorption on 30 Mc with recovery t.o 3 db by H + 2 
mlnutea. The prompt blackout waa probably caUied by Compton electron. followlDl the 
field Hnes to the conjupte point. Ships S-6, S-7, and 5-8, located 420 to 485 km. north 
of the burst polnt, observed prompt attenuation of 8 to 3 db at 30 Me but no delayed attenu
aUon. French Frigate Sboall, at 815 km from the bunt point, wu tbe mOlt diltant .ta
tion to report any prompt attenuation. The fact that no delayed attenuation was ob.erved 
on the DAMP shlp (135 Jon north of ground zero) unUl H + 60 minutes supports the conclu
sion that the debris did not go much above 100 Jan.. 

BI\le Gill produced no trapped betas and 80 nO synchrotron noise. 

6.3.8 Results. Shot Tight Rope. The Tight Rope debril was contained locally. The 
fireball formed a torus between 10 and 20 seconds' 

The flreball rOle to a maximum altitude of 30 to 40 lan. Soon 
aitt!r this. the debris location wal governed by the atmospheric mas. motionl. By H + ;) 
to H + 4 hour., the debris was sUll over Jr.:utston Island with a windblown taU at 270· true. 
By H+ 18 hour •• the debris bad been blown 500 km at about 290·. By D+ 1 day, the debriE 
had settled well Loto the atmosphere. probably at an alUtude lower than that of tlIe burlt 
point. 

Photometric observation of resonant scattering was made fronl 8hip. 8-1, 8-2. and 
8-4, and at Johnston Island. TutuUa. Tonga, and French Frigate Shoal.. No debris. 
not attributable to the previous King Fiah event. was detected. A balloonborne pnuna 
1'81 detector in the Sout.'tern Conjugate Area detected no effects. 

Riometer stationa within 10 k.m. of It'0und zero observed immediate attenuat10n of 3 
to t3 db at 30 Mc. Immediate attenuation was observed out to 100 km but not to 200 Ian 
from groWld zero. The Acan1a riometer, 1n the conjugate area. noted an immediate 
I-db attenuation at 30 Me. presumably caused by neutron decay electrons "ncI Compton 
electrons guided to the area by the magnetic field. No other riometer stations in the 
southern hemi.sphere detected any effects. Delayed attenuation due to debriS-induced 
ionization was recorded by stations near the burst point. Recovery to normal backgTound 
occurred withln 10 minutes. 

6.4 WEAPON OUTPUT AND KILL MECHAN:SMS 

6.4.1 Prompt Neutron Measurements. Measurement of neutron fluxes trom high
altitude detonations was first attempted during Operation Hardtack; however. eqUipment 
problems limited the cL'\ta obtall.ed. The Fish Bowl Series presented an opportunity to 
measure prompt neutron flux and spectrum close to high-altitude bursts ulinl a proven 
detector system. 

The obJective of Project 2.1 was to measure neutron nux as a function of distance 
from high-altitude nuclear detonations. 

The lnatrumelntation consisted exclusively of the Nuclear Defense Laboratory (NDL) 
threshold detector system. This system consists of a series of materia!s actlvated through 
capture of. or fission by, neutrons with energies above a threshold energy, as liated in 
Table 6.S. 

It should be noted that UZSI and Puz. do not poaaesa natural thresbolds: however, by 
the use of a BiG shielrt, an artificial cross section can be produced. Four complete 
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detector sy.emB were located on the backplate of each of the three pod. Oown on Thor 
Flab Bowl eventa. After recovery. the neutron packap. were removed froDl the pod. a. 
loon a8 po .. ible and taken to a project mobUe laboratory for analYlis. SclntUlation 
counUDc technlque. were uaed to meuure acllvlt1e. lDduced 1n the varlou. detector ma
terlals from which the expoaure fluxes were calculated. 

Table 6.9 preHnts the data on the aver ... neutron flux measured. Tbe Star Fl.h pod at 
8.4 km had an orientation nearly nOH-on to the bur.t with the mas. of the pod interpo.ed 
between the detector. and the burst. On KiDI Flab. only the detecton from the clole-in 
pod were ~ecovered. 

Neutro'\ flux q1eaaurement& for Star Fiah, Blue Gill, and King Flah must be considered 
.ucce.aful. although ahleldiog factors cauaed by pod misorientation complicated final data 
correcUoas • 

6.4.2 Prompt Gamma Measuremeats. Early prediction. of the eUecta of nuclear 
weapoaa detonated at hiib altitude led to gamma mea.urementl duriq Operations Teapot 
and Hardtack. SlDce the .. operation •• coaalderable interest hal been ,enerated in the 
eUects of prompt radiation from bleb-altitude bursts on tbe guidance .ystems and elec
tronic component. of millUe weapon. ay.tem •• 

Tbe objective of Project 2.2 was to measure tow,amma radiation dOle &I a function 
of di.tance from higb-altitude nuclear detonationa. 

Gamma dose measurements used 'Che foUowin, techn1qu .. : (l) darkeninl of photographic 
film, (2) photoluminescence phenomenon of sUver pholphate glass. (3) production of hydro
pn and carbon diOxide in an oxyaen-saturated aqueous formic acid solutioD, (4) optical 
den.ity chance in cobalt-activated borolUicate ,lalS. and (6) tbermolumineacence of 
manpne.e-acUvated calcium Guorlde. 

Three different film emulaions, coveriDg the general range from 0.1 rad to about 
5 x 10· rads, were exposed in Natlonal Bureau of Standards (NBS) film holders. The use 
of the NBS fUm holder ••• entiaUy elimJ.nated energy dependence from the film measure
meDts. FUm calibrationa and data readout were accompUahed by the U. S. Army Signal 
Corps. 

The range of the glass mlcrodosimeters <llass rods) was extended. by approprtate 
heating and readout techniques. to approximately 1 )( 10· rads. 

RadiolY8ls of formic acid exposed in transparent quartz ampoules produced hydrogen, 
hydrogen peroxide, and carbon dioxide. Determination of the molecular product yield 
provided the information necessary to calculate the gamma dose. 

The cobalt-activated borOSilicate glass, on exposure to radiation, was pronouncedly 
darkened. The amount of change in absorption at 360 mlcronl gave direct readlngs of 
gamma dose when compared to plates previously calibrated. 

After expo.ure to radiation, the thermolurniDe8cent calcium fluoride detector, upon 
heating. emitted Ugbt which was meaaured by a photomultiplier tube. A plot of the lumi·, 
nescence versus temperature at a constant heaUng rate, compared to calibration plates., 
provided the gamma dose. 

All detectors required neutron dOli correctioDS. 
Three detector packages were placed l.D eaeb pod for eacb event. The detector package 

was mounte': to the pod substructul'e apprOximately 18 inches below the backplate. 
Table 6.10 presents the available data. The Star FIsh Prime data is dlfficult to lnter

pret aDd correct. because pod misorientation pre8ented many unknown shielding factors. 
The center-po8ition pod on King Fish was not recovered. The formic acid dosimeters 
provided no reliable gamma dose data because of dose rate dependence. The calciur.1 
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fiuorlde thermolwninelcent dosimeters, exposed 1n Star Fish. provided measured doses 
Plnerally bllh compared to other qlteml. Thil difference 11 not fully explained but is 
believed to be due to dose-rate dependence. 

Tbe project mUlt be conaidered to have accomplished Itl objectLve. The ,amma flux 
on Star Flab Prime wal lower than predicted. Thl1 low flWt CaDDot be explained at pres
ent. On future teltS. placement of the pmma dosimeters near the exterior of the vehicle 
would lIlinhnlze the dose correction problems imPOled by pod or inltrument rnaaa shield-
1111. It appear. that further development 11 r81lU1red to obtain dose-rate dependence 
iDformatJon aDd neutron interaction 1Diormation on present dosimetera and t,-. develop 
new measW'ement systema. 

. 6. 4. 3 Alpha Contamination Monit-orin,. FoUowinl the destruction, on the launch pad, 
of the Blue Gill Prime mis.11e and warhead, a project was lDatituted to provide an accu
rate monitorinl of the alpha contaminatton occurring downwind from any future similar 
lncidentl. 

The objective of Project 2.3 was to determine the alpha hazard followlnl the destruc
tion of a mi •• Ue-mounted warbead in the viclnlty of the mll11lle launch pad. 

The LDatrumentation oODlilted of two sylteml. one for cr08. plutonium contamination 
and the lecond for plutonium particle size a.na.lysis. The 11'08' detection ayltem utlllzed 
four collection methodl: n) 12- by I-inch concrete blOC::u. (2) .tl.plex hilh-volume al~ 
.amplen, (3) cyclone alr lUX,lplers, and (4) cellulo .. aceta!~ lticky paper. The particle 
lin determination .ystem used four-stage cascade impactors to 'aparate particles lnto 
four lize rance' aDd pas.ive collectors conalsting of silicone-reain-coated microscope 
sUdes. 

Both Thor ml .. Ue .. ell. both Nlke-Hercule. launchera, and the XM-33 launch pad 
were inltrumented with both land and downwind waterborne arrays. Arou.nd the Thor 
pads, the land array. conaisted of three arcs. each containing 88 concrete monitoring 
blocu, 44 micros,--ope slides. 8 sticky paper samples, and" staplex alr samplers. The 
small rocket land arrays each had two ares containing 39 concrete monltoring blocks and 
39 rolcrolcope slides. The water arca, for all events, consisted of an are of six rafts 
anchored approximately ~J2 aule downwind from the launch pad. Each raft was equipped 
with an electric generator, one cyclone alr sampler, two concrete blocks, \.wa micro
scope IUdes, one staplex air sampler, one cascade impactor. and one sticky paper sam
pler. All electrically operated equipment (cascade impactors, staplex and cyclone air 
samplers) were activated by tone barrel relays 60 seconds prior to 11ft-Off. The cascade 
impactors operated for a period of 5 minutes atter lift-of! anc:. the air samplers for a 
perlod of 30 minutel after lift-off. 

During the perlod thi. project was operational, only the Blue Olll Double Prime mis
.Ue waa deatroyu:::l. Thia deatruction occurred approximately 90 seconds after 11ft-off 
and at aD altitude of approximately 100.000 feeL Aa a reault. no data was obtained by 
the project. 

6.4.4 ReeDlry Vehicle K1ll Mechanism •• Tbere have beu po.tulated five possible kill 
mechsniaml for u.e againlt ICBM warheadl: (1) cruahinl or breaklDl up of the reentry 
vehicle (R/V) becauae of blast, (2) neutron heating aJ1d consequent melting of the fission
able materIals, (3) ablation of surface materia18 of the R/ V by vaporization and/ Or melt
LIlI to the point where the R/V cannot survive reentry, (4) thermomechanlcal loadlng 
generated by the presaure of the vapor pnerated when the R/ V surface L8 exposed to 
short-time thermal radiation trom an Intermediate altitude detonation, alJd (5) X-ray-
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induced impulsive 10acUng of the Rf V structure by tha pressure of the vapor gener
ated at the R!V surface by absorption of X-rays from a weapon detonated In near
vacuum conditions. 

The primary objectIve of the pod program in Fish Bowl was tbe investigation of the 
ablP,tion. thermomechanical. Illd X-ray kill mechaz.!sms. Previous attempts to evaluate 
kilL mecbarusms. on Sbot Logan at the Nevada Tes. Site (NTS) and during Operatlon Hard
t$.ck 1n the Paciflc. had produced little data. Shoo: Marshmallow, at NTS, wu successful 
!n iDvestigatine X-ray effecta. No previous teBU have been performed to Investigate the 
thermal kill mecbanism. Blue Gill, provided the opportunity to evaluate the 
thermomel'.hanlcaJ kUl estimates. King Fisb and Star Flsh allowed 
X-ray effects experiments. 

1:hermal Effects. The objectives of :?roJect BA.3 were to lDve.Upte, for III lnter
mediate-altitude burst. p) the existence of the postulated thermomecbanlcal eUect and 
its properties, (2) the chan.crerlstlcH of th., thermal source as viewed at the teflt vehicle 
surface, (3) the Donthermomechanlcal effects (such as material ablation), and (4) the 
proportion of observed effects attributable to X-rays. 

The instrumentatlon (Figure 6.9) I.!sed in Blue OUl eenerally falls into four cate
corle. baaed on the objectlvea. 

The existence and magnitude of the thermomechwcal effect was investIgated by 
means of wdent recorders and spall gages. An indent recorder is basically a piston and 
anvil arrangement with cUfferent materials of interest expolled On the bead of the piston. 
The impulse imparted to the piston was delivered to the anvU in the form of an ~"'\c:e:nt. 

Pistons with various ratios of mass to exposed area were v.s:ld in an attempt t, 'h''1elop 
a Ume history of the effect through analy.is of piston response time s compared. 0 ~ .. leas
ured impulse. Forty-ei.ght indent :recordera were exposed on each of the three Blue Gill 
pods. 

The"spall gage was a lucite -:ylinder. supported by styrofoam, witil a lead disk 
glued to the lucite on the surface exposed to the burst, It was anticipated that the stres
ses set up in the gaee by the thermal reactions would cause fractures in the lucite. thus 
proving the existence of a pressure pulse generated at the surface of the lead. To provide 
for a range of pressure pulses. the enclosing beat shields were pierced by different size s 
of apertures for different gages. One instrument, with four aperture sizes, was used on 
each pod. 

Ablation effects were lnvestigated by 18 a,blatton condensation gages on each pod, 
The pees exposed various materials of interest with each sample material having a hole 
drilled down the center of the sample which tf:rmlnated In the gaee body. It was believed 
that, as the materials vaporized. some vapor would be forced inside the gage and there 
plaN-out on the 1idewalls. Analysis of the plated-out materials was expected to help in 
development of the mechanics and pre.lures involved iD ablation and to aid in determina
tion of amounts of materials lost. Thirteen different materials weN investigated on 
each pod. 

Source information was invesUpted by use of thermal pinhole cameras, cutoff 
fUter spectral gages. reflective ct)ating spectral gages, and long-time thermal gages. 
The thermal pinhole cameras had two major functions. to measure the time history of 
the absorbed thermal radiation, and to measure the spatlal characteristics of the thermal 
source. Apertures were drilled in tbe micarta beat shields that covered the pinhoi€ cam
era gage body. Eacb gaee provided four apertures, one on top and three spaced equidis
tantly about the side. The thermal radiation lncident through each pinhole caused irre
verSible structural changes in the heat-sensitive detector slab. Seven cameras were used 
on each pod. 
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The cutoff fllter spectral lage ut1l1zed a variety of cutoff filters to allow only a 
plrtioD of thl laerlY Ipectrum to implap OD a detector mater lal. By obaervinl the 
relative intensity transmitted through different filters, it would be polsible to derive 
iDformatloD concerniDI the lpectral di.tribution of radiatioD from the lource. Filter 
materl.al. uaed wIre ruled quartz, titanium diOxide, mapesium fluoride, and aluminum 
oxide. Three aperture lize, and two detectlnc materials provided the dynamlc range 
delired. Four Plea, providlq 16 data channell, were uled on each pod. The 'peetra! 
, .... with rtdlecUve coaUncI had the lame objective, the lnvelUpUon of 80urce spectral 
diatr1bu.UoD. br.-t achieved diacrimination between wavelengths by Wle of renecUve coaUngs 
of known properties. with wavelengths selecUvely passed or reflected. Six such gages on 
each pod, "Nith six combinationl of detector material. and reflecUve coatings, provided, 
with redundancy. 24 data channels per pod. 

The long-time thermal lace wu dealgned to derlve the total thermal pulse experi
enced by the pod over a relatively long period. The gage is basically a heat slnk coo
taJniq .trip, of materials having a rance of melting temperatures. Two heat sink mate
rial •• ateel aDd copper. and flve .trlp material, provlde thell'eat raap: of temperatures 
covered. The heat sink. exposed to the thermal radiation. increa,el in temperature. 
cau.inl the 'trip materlall to melt to a depth proportlonal to their melting points and, 
thus. to the thermal radiation absorbed. 

At the lntermedi&te altitude of Blue G111. the X-ray nux trom the nuclear burst is 
mOltly absorbed by the atmosphere; however, some X-rays were expected to reach the 
cloae-ln (2,500-foot. nominal distance) pod. In order to determine this X-ray nux, and 
thus differentlate its effecta from the thermal effects, an X-ray pinhole camera was 
mounted in the cloae-in pod. and X-ray photocell detectorl were mounted in all three 
pods. The plDhole camera had a focal lensth of 12 inCbel and dlameter of 3.75 lnches. 
Three pinhole sizes were used. The detector material •• steel. lead, and magnetic 
mylar tape were used in the film plate. 'the photocell detector used &8 a sensitive ele
ment a Sylvanil:l 131 lone-perSistence phosphor. X-ray impin"ement on the pbosphor 
caused a Ught nash. the intensity of wbich was detected by the photocell and was stored 
by stepping a series of magnetic latching relays. 

All three Blue Gill pods were recovered. but the middle-distance pod was damaged, 
and some instruments were lost. The indent recorders apparently functioned as lntended; 
however, many of the samples. glued to the piston beads, were mIssing. Lead samples 
appeared to have melted off, and other metals showed various degrees of melting. In 
some cases. the bonding bad failed. Nearly all anvlls sbowed indents, and most appear 
to be valld data. Although the calIbration and readout of data are not complete, prelimi
nary data indicates impulse to refralU OD the order of 10· dyne-sec/ cmz• The spall 
gages showed lOBS of the lead {oU but no observable fracture of the lucite. Ablation con
densation gages appear to have worked as expected. The ablation data presented in 
Table 6.11 is prellmLnary. MOlt metal samples showed varying degrees of melUng and 
resoUdificatlon. PyrolyUc graphite samples appeared to be unaffected except for one 
sample that bad la.:ninations parallel to the surface. This sample appeared to have lost 
material through delamination. All other instruments appear to have functioned as in
tended. but re.ultl must await the completion of the data readout. 

Tbe thermal experiment appears to have been a succeSSi however, ambiguity in 
reduced data casts some doubt on the valldity of lmpulse data recorded for different 
materials. All materials appear to give approximately the same impulae readings. This 
has led to speculation that the vapor cloud created by ablatlon of the refrasil backplate 
cover effectively shielded the instruments from the burst after the first few milliseconds 
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and that the impulse recorded is essentially that of refrasil vapor pressure. Resolution 
of this problem mUlt await anal reduction of data. Pending receipt of flnal data. no 
recommendations can be made. 

X-Ray Effecta. X-ray effects were investigated on two events. Star Flsb Prime 
and King Fish. Project 8B partiCipated in both events. Project SA.3 partiCipated in 
King Fish only. 

The objectives of Project 8B were to mealure (1) the total X-ray-lDduced momen
tllm on materiall of lnterest and (2) the X-ray flux characteristics. The objectives of 
Project 8A.3 were to measure: (1) total impulse due to interaction of the weapon energy 
with selected materIals, (2) impulse due to X-rays alone, (3) impulse due to energy 
forms other than X-rays, (4) time history of the total loading, (5) ablation from materials 
of tnterest. (6) characteristics of the X-ray source. ('1) characterlsUcs of any Don-X-ray 
source, and (8) to separate. by controlled measurement, the effects due to X-rays from 
those due to other energy sources. 

Project 8B iDatrumentation was essentially the same for both events (Figure 6.10). 
The instruments were of two types, effects and diagnostice. Effects instruments included 
three varIations of a baslt' indentor gage. a metallurgy gage, samples of reentry vehicle 
materials. and a fracture gage. 

The Indent recorders utUlzed a piston-anvll arrangement in which th~ piston:.. made 
of various materIals exposed to the burst. delivered momentum to the anvils where the 
momentum was recorded as an indent. Aluminum and malDesium pistons were used with 
lead anvils. The three variations were achieved by the manner in which the materials of 
interest were contacted by the pistons. The Mark I design was used to record the impulse 
due to metal blowofft with the metal samples of interest glued to the top of the piston sur
face. The Mark II desIgn tested primarUy R/ V and plastic materials samples. In this 
design. the center of the piston face was relieved to a predetermined depth, and the mate
rial sample was inserted into this space and glued in place. The instrument case design 
assured that only the material of interest was exposed to the burst. The Mark III deSign 
utilized a striker slab of material covering the entire surface of the gage body with the 
piston held in contact with the striker plate by a retaining spring. This design was neces
sary because of the relative X-ray transparency of some materials of interest. By using 
the material of interest as the striker plate, the thicknes8 could be increased, over that 
possible with the Mark n. to prOvide X-ray opacity. In all deslg!ls, the anvil was free
floated by a spring, and the pistons were held in place by retaining springs. Approximate
ly 20 materials of interest were exposed in each pod. 

The metallurgy gages utilized known characteristics of selected metals as indicators 
of pressure and temperature histories. Stable or metastable structural alterations oc
curred when the samples were subjected to the X-ray-induced thermal and peak pressure 
gradients. The sample. were mounted in the case below an aperture that exposed part of 
the sample, and were supported by a styrofoam shock absorber. designed to prevent dam
age to the sample when the X-ray impulse drove the sample toward the rear of the case. 
Ten different metallurgical samples were exposed in each pod. 

The R/V materials gages mounted samples of selected R/V structures for exposure 
to burst effects. The samples included not only heat shield material but also bonding and 
intermediate layers. and RI V substructure. The cross-sectioned structure samples were 
ffi0unted '.n a gage body and heid in place by springs to isolate the effects on the samples 
from the effects on the gage body. Seven different structural samples were exposed on 
each pod. 
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The fracture cap wal d •• tped to live 1nforr 18tion as to the shape of the X-ray
iDduced blowoU pulle. The Pie waa de.llDed to blow off on exposure to the X-ray flux, 
tranlferriDC a compre •• lve pul.e to theluclte cylinder. By ltudyinl the fracture pattern 
produced in the lucite. an estimate of the duration and peak amplitude of the pulse could 
be made. 

Diagnostic instruments consilted of carbon calorimeters, K-edg. filters, and a 
plated hole mltrwnent. The calorimeter wa. a carbon disk utlliz1Dl temperature-sensi
tive pa1Dta as the element to record the peak temperature at equilibrium. Two calorim
etera were flown in eacb of the outer pods. 

The K-edge in.truments were deligned to provide spectralinformatloa. Fllter 
elements pass certain wavelengths preferentially. and thele were detected on a stack of 
alternate layera of metal foUs and mylar plastic. Seven different filter elements were 
used and. in the detector staCD. thr.e different metal foUs provided &dcliUonal ranees 
for the flux levels. Fourteen detector channels were provided in each pod. 

The plated hole pce was basically a cone-shaped hole drUled in a block of carbon, 
with the inside of this hole plated with one of three metals: chromium. lead. or gold. 
The X-rays, ImplDCiDa OD the carbon bl.ock at the end Dear the apex of the cone, pene
trated the carbon and were attenuated selectively with wavelength. The energy density 
recorded by the plated metalllbould decrease monotonically as distance from the apex 
of the cone increases. Analysill of vaporizatioD, meltinc. heating, and in chromium, 
crystalline Chanpl, provides 1Dformation on spectral enerllY distribution within the in
Cident flux. For Klnc Fish. the design of this instrument was mod1f1ed to provide a cone 
of carbon resting within a cone-shaped hole in the instrument body. A gap was provided 
between the carbon CODe and the pee body which provided the plated surface. 

Project 8A.3 lJuitrwnentation for K1J~ FLsh was basically the same al that used for 
Blue GUl. Indent recorders were identical, but additional recorders were provided with 
berylliwn windows. which were intended to be relatively transparent to X-rays but to 
prevent the piston seeing any type of nonpenetrating energy. An additional control was 
provided on these pistons by havtng one with a blowaway batch to be blown away by the 
X-rays, thus proving the penetration of the beryllium window. Tlh. piston should record 
no indent, thus proving the opacity of the window to late-time radiations. 

Spall gages and ablation condensation gages, identical to those for Blue Gill, were 
used, but materials of interest were, in some cases, changed. The thermal pinhole 
cameras were modified by the additlon of an X-ray-opaque hatch, to be blown away by 
the X-ray impulse, and thus expose the detector element to the thermal or debriS energy 
fluxes. In a.ddition, reflectlve coatings were used on some of the detector elements. Two 
X-ray i.ntensi.ty gages were added to the instrument array on the project pod. These were 
stacks of plasUc sheets wlth metal platlng or with metals imbedded in the plastic. The 
incident flux and spectrum were derived from the depths. within thE. stack, at which phase 
changes occurred In the metals. Several aperture sizes were used. and in one gage the 
problem of aperture closure was tested by making the aperture a slot tapered from zero 
width to 3-mm width. 

Long-time thermal gages, as used in Blue Gill. were used on the close-in pod on 
King Fish. X-ray pinhole cameras with focal lengths of 4 and 12 inches and a new type 
of structural gage were used. This structural gage, a disk of material supported by a 
hollow cylinder. was to test the effects of X-rays on hare structural materials. 

Large errors in pod orientation were experienced on Star Fish. The close-ln pod 
was almost nose-on to the blU'st, and none of its instruments were exposed directly to 
the burst. Instruments on the middle pod viewed the burst with an angle of 43·, and the 
outer pod viewed the bur st with an angle of 41-. In addition, the outer pod was almost 
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twice as far away from the burst as desired. Because of these excessive look angles. 
none of the source parameter instruments operated. Many of the indent recorders and 
R/V materials gages on Loth the middle and outer pods did operate, and 1t is estimated 
that approximately 50 percent of the desired data was obtained. Impulse and material 
effects data was obtained but bas not yet been reported in final form. Some of the RI V 
structure samples did experience failures of varying degrees under the X-ray flux. It 
Is boped that metallurgical techniques used on some gage bodies and on the metallurgy 
gages wUl provide some source parameter data. 

Of the three pods flown on King Fish. only two were recovered. and on one of tbese 
the entire backplate and all but one of the X-ray Lnstruments were missing. The close-in 
pod. which carried thl:! Project SA.3 instruments, was recovered intact, and all instru
ments appear to bave functioned as desiped. The one instrument recovered in the other 
recovered pod also belcnged to Project SA. 3. 

Project SB obtained no data from King Fish. On the instruments recovered. X-ray 
implDgement areas were prominent. On the indent pistons, approximately half tbe exposed 
samples were lollt. primarily through bond1ng failures. Almost all of the indent recorders 
provided indents. The impulses vary with the material exposed but generally appear to be 
of the order of 10' dynes/ em1 for this distance of approximately 8,200 feet from the burst. 
Fracture gages showed no oblop.rvab16 results other than the 108s of the lead foU covering. 
The asmples in the ablation coooensation gages showed effects ranging from almost com
plete diSintegration, for Avcoat 19 and Rad 58B. to essentially no change In pyrolytlc 
grapbite. 

None of Ue thermal cameras showed discernible images. The X-ray intensity 
cage. showed StIpplinl of the beryllium Windows, but X-ra.y source images were not visi
ble. The lona-time thermall ... e. were unaffected except tor crackinr of quartz filters. 
Tbe X-ray pinhole cameras did show images of the X-ray source. and structural gages 
showed varying degrees of deformation depending on material and disk thickness. 

All of these observations are preliminary and definitive data awaits publication of 
the Project Officers Report. It appears that conSiderable X-ray effects data was ob
tained, but the validity and interpretation of the data depend on rna."'\y calibration and 
correction factors. 

6.5 GEOPHYSICAL EFFECTS 

6.5.1 Background. Early speculations had led to the conclusion that high-altItude 
nuclear explosions should pL"?duce global hydromagnetic effects in the upper atmosphere, 
which could be detected by highly sensitive. ground-based magnetometers and earth cur
rent instruments. Shots Teak and Orange of Operation Hardtack produced widespread 
magnetic eUects in the Pacific area. In addition to instrumentation by US Army Elec
tronics Research and Development Laboratory (USAERDL). AFCRL. and others in the 
Pacific area. magnetometers recorded data in Iceland, Sweden. the Russian Arctlc. 
French AntarctiC, A:gerla, Gha...,-:.. Arizona, and New Jersey durLng Argus II and Argus 
m. in 1958. The physical mechanisms whicb generate these phenomena and the mode(s) 
of propagation continue to be puzzling. 

6.5. 2 Objectives. The objectives of the magnetometer and earth current measure
meiii8wel'~: (1) to obtain d ~ta OD geomagnetic field effects from high-altitude nuclear 
detonations and (2) to help E!valuate the feasibility of using these devices for the effective 
detection of high-altitude n(;I~lear detonations of unlmown origin. 
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6.5.3 Instrumentation. Many different types of variometers (fast-response magnetom
eter!) and magnetometers were employed in the Pacific area and worldwide. Appendix a 
lists the location and types of these instruments. 

In a considerable number of cases various earth current systems were also emplaced. 
Due to the dlfflculty of caUbratlng ,uob systems, their primary purpose was for waveform 
and arrival time data. In addition to the funded projects, magnetometer and earth current 
data were obtained from scientific sources througbout the world. A partialllst of these is 
included for iDtormation and reference as Table 6.12. 

A large amount of various geophysical data was collected by the Armour Research 
Foundation (now nlln018 Institute of Technology, Research Institute) under Project 6.5b 
from allover the world. This dnta has been forwarded to the DASA Data Center. 

6.5.4 Results. A very large amount of mapetometer aDd earth current data was 
collected during the operation, but for the most part. only onset times, magnitudes, 
waveforms, and durations have been reported. There is much more data analysis work 
to be done. One overall result of importance ia that it appears feaSible to detect high
altitude nuclear detonations with magnetic sensIng deVices. because the signature of such 
detonations is completely different from natural earth magnetic disturbances. 

Star Flah data was obtained from all project statloaa except Okinawa, which was in a 
typhoon alert statu.. Unofficially. data was also received from Paris, Ghana. Pennsyl
vania. Australia. TaSmania. Alaska. Massachusetts. Texas, Maine. Flo!'ida. and New 
Jersey. Signals were generally much greater than antleipated, with many equipments 
beiac saturated at early times. Launch area sipls of 150 ganunas were reported. A 
hellum magnetometer on Hawaii reported a sipal of 300 pmmas. There were two dis
tinct signals in the early period. The first, at H-O. was of relatively high frequency. 
short duration (1eS8 than 1 second). A larp-loop mapetometer on HawaiI measured a 
rise time of 5 ,",sec for this pulse. The rise time appeared somewhat slower in the con
jugate areas. The second signal generally arrived 1.5 to 2.0 seconds after detonation. 
Maximum signal arrived in the conjugate area at H + 3.5 seconds with a predominant 
frequency of 0.3 cps. The late-time signal was very complex. Identical equipment 
measured the arri.val time to be 0.4 second. later at Tongatabu than at Samoa. 

Star Fish earth current signals lasted on the order of 40 seconds with E-W system:::; 
showing amplitudes of twice N-S systems. Al'rivai times and waveforms generally 
agreed very well with magnetometer data. 

Results from Phase n of Dominic were generally more complicated than from Star 
Fish. At first look, the Project 6.Sb magnetometers and earth current instruments 
appeared to show no data for this phase. The s1pala agaln arrived in two parts, the 
first an almost instantaneous EM pulse followed by a later magnetic pulse with generally 
increasing period. Table 6.13 shows the onset time for each event at the Project 6.5e 
locaUoaa. 

Apparently. the propagating medium interacts in some manner with the primary Signal. 
The primary signal appears to be a structureless broadband pulse containing an equal dis
tribution of frequencies from nearly dc to the 100-kc or low-Me region. Results of Proj
ect 6.5e initially ind1cate that, for burst heights above 400 krn, signal propagation is 
apparently isotropic. whereas for lower burst heights. propq;:atwn is increaSingly ani
sotropiC. 

Very few meaSl.U'ements were obtained on Tight Rope. 
Check Mate results were ne£'ltive at Okinawa. Wake. Trinidad (variometer), and 

Tongatabu (low-sensitivity N-S variometer). An earth current record was obtained in 
Trinidad. Records indicate prompt arrival (within milliseconds) of a 2-cps signal, an 
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arrlval at about H + 1 second <Yz cps), and distInctLve arr1vals up to H + 27 aeconds. The 
large-loop mapetometar on Hawali received a slgnallD the dlrectlon of a decrease in the 
earth·s magnetic field reaching a minimum of-O.117 gamma/sec at H+ 15 msec. 

Alao at 8awall. a hellum. mapetometer recorded a minimum of - 2.5 gammas at H + 2 
seconds. A N-S variometer record at Samoa showed a alow oscUlation with a period cf 
15 to 20 .econds. which did not appear on the E-W record. A bellum magnetometer on 
Samoa recorded a aipal decreaae to -0.0'7 gamma at H + 0.030 second. Tbe first maxi
mum was 0.2 pmma. at H + 5.6 secoads. 

At Blue Gill event Ume. all equipment waa operational, although negative results were 
reported from Trinidad, Okinawa. aDd Wake. The recorded signals were relatively sim
ple and of low amplitude. Variometer ,recorcis lasted about 40 seconds in the Southern 
Conjupte Area, 20 aeconds on Canton, and '7 leconds On !Caual. Magnetometers on Samoa 
and Canton showed 8lzable slow cbaDges: 1.3 to 4.3 pmmaa at Samoa, 100 milligammas 
to 1.1 gammas at Canton. The large-loop magnetometer signal on Hawali decreased to a 
minimum of -0.055 gamma/sec at H+ 15 msec. Later signals were overridden by a I-cps 
modulatioD and a very weak olcWaUon with a period of 10 to 12 seconds. A belium mag
netometer at Samoa recorded a -0.9$ gamma signal at H+ 3 aeconda. Small-amplitude 
(0.15 gamma; 40-second-period oaclllationa were observed for several hours postshot. 
Good earth current a'pals were observed at many atationl. 

All equlf;ment was operational durlDC K1nI Flab, altboup negative results were re
ported from Tr1D1dad, Oldnawa, and Wake. KlnI Fish resulta were the most complicated 
of all the events. A Samoa varlometer showed a prompt arrival (30 to 40 msec) followed 
at H + 0.5 second by a rectangular-appearLng pulle, which may repreaent a succession of 
arrivals, probably a8 a result of diaperalon. This type of aignallaeted for 1.25 seconds 
at Samoa, 2.5 seconde at. Toneatabu. and 2 seconda at Canton. A N-S variameter on 
Kaual prelented a complex record. whereas the E-W tnltrument showed only a short 
period prompt pulse. The Southern Conjugate Area variometer records show effects up 
to 4 minutes; Kaual up to 30 seconds. Variometer Signals in the Southern Conjugate Area 
reached a strength of about 2 gammas. 

The large-loop magnetometer on Hawali bad a first minimum of -0.156 gammalsec at 
H+O.01fJ second, crossing the zero line at H+0.030 second. and a maximum of 0.234 
gamma! sec at H + 0.060 second. For the first 2 seconds, a low-amplltude 2.0-cps signal 
was visible. Between 3.0 and 10 seconds. a O.3-cps signal predOminated. The only ac
tivity after 15 seconds was a 60-second-period train of oscUlations that lasted for several 
minutes. 

The helium magnetometer on Hawaii recorded a first minimum of -1.3 gammas at H + 4 
leconds. The a1gDal crolsed the zero Une at 8 + 19 seconds and oscillated about this Hne 
with an ampUtude of apprOximately 0.3 gamma with a progressively increasing pertod. 

The hellum magnetometer On Samoa recorded a minimum of-1.0 ganuna at H+3 
second. and a maximum of 1.1 pmma at H+ 11 seconds. Later slp.ala show an oscilla
tory character with gradually changing periods. 

The earth current recorded at Hawaii was saturated for more than 1 hour after an 
initial negative signal at 8+0.1 aecond. An earth current signal .'In Samoa initlally went 
polltive to 0.1 mv/l,OOO feet at 8+0.1 second. crolsed the zero line at 8+0.2 second, 
went to a minimum of -0.5 mv/l.OOO feet at H + 0.7 second, followed by a sequence of 
six complete 0.6-cps oscUlations. 

Only minor effects were noted from Tight Rope. At Kauai. a high-senSitivity N-S 
loop showed an 8-mllligamma pulse at 8+0.2 second lasting 0.1 second. The E-W record 
showed a small pulse at H+ 0 lasting to msec. At Canton, the N-S earth cun'ent showed 
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a small effect with a maximum of 20 jJV lasting for a minute. The E-W earth current on 
Canton showed a Illlht effect for about 20 leconds. 

A Russian high-altitude detonation took place on 22 October 0340:45Z. 
An earth current was recorded at Trinidad wiU1 a strength of 

2.000 jJv/km N-S and 3.300 ,.v/km E-W. peak to peak. Varlometers in TriDldad recorded 
peak intenSity of 100+ mlllipmmaa on the N-S loop. aDd 100 mllligammas on the E-W loop. 
A prompt s'pal arrlval was DOted on the Kaual N-S variometer. lastilll lesl than a mlDute. 

Another RW!lsiJm shot took place aD 28 October 044l:l9Z. 
, A varia meter at Kauai recorded a signal of ahort duration, virtually over at 

H+2 seconds. Several arrivals were noted. the strongest at about H+6 secoDds with a 
per iod of about 5 aeconda and a strength of about 100 mUll gammas. 

6.6 OPTICAL AND BIOPHYSICAL EFFECTS 

6.6.1 B,pclcground. Shots Yucca. Teak, and Orange, higb-alUtude abots of Operation 
Hardtack. 
In particular. Teak and Orange produced optical effects in the form of 
large fireballs and extensive auroral displays. Although many optical records were made 
of the phenomena in the burst rellon. instrumentation was pnerally inadequate to record 
fully the menalvenels of the display. In addition, reports indicated similar displays in 
a southern coDjupte rellon near the Samoa-FIji area. Although no lnstrumentation cov
ered this relion, the reports tended to verify the Christofllol theory, I.e., the trappIng 
of electrons in the earth's mqnetic field. 

Accordingly. CHOASA planned and rapidly executed a series of three high-altitude 
detonations (Argul Series) in the South Atlantic to verify this etrect. Because of the im
pendlnc telt moratorium. Ume did not permit the recording of the visible eUects of these 
three detonations. 

The resumption of atmospheric testing in 1962 presented the first opportunity to fully 
instrument and record these effecta since their disclosure during the 1958 test series. 

6.6.2 Objectives. The objectives of the optical program for Fish Bowl were alined 
within three main areas: visible effects. Infrared effects, and biomedical effects. One 
project was assigned to each of these areas. 

The project assigned to the visible portion bad the overall goal of accomplishing optical 
recordings. These would provide a Wlifying spatial and temporal framework that would 
permit the recording, lsolation. and identification of all the vlsible phenomena associated 
with the events. Spec1flc objectives were to provide: (1) high-speed photographiC record
ings of the fLreball relion from both surface and airborne stations to determine the energy 
disposition at early times. (2) medium- and high-speed photographic recordings of the fIre
ball rellon from botb surface and airborne statlons to determine vertical asymmetries, 
overall hydrodynamiC motion, debris shock, and late-time debriS motlol1i (3) high-disper
sion time-resolved and static spectroscopy of the burst region to identify and follow: 
atomic and. molecular processes. continuum emission processes, and afterglow am resid
ual debris-cloud emils.iona; (4) low-speed photographic recordings from surface stations 
to record the spatial and temporal development of artificial auroras; (5) high-dispersion 
time-resolved spectroscopy in the Southern Conjugate Area to identify and follow "pectral 
emission processes at that locaHollO and (6) extensive qualitative (sensitometrically COD
trOlled) still- and moUon-picture coverage of all events in both the burst and auroral zones. 

The second main area of investigaUon concerned itself with the infrared effects of the 
high-altitude nuclear detonaUoDs on weapon systems that employ infrared techniques for 
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detection. tracking, homing, and surveillance. Emphasis was placed on thoBe infrared 
effects that may degrade defense systems relaUng to early warning, terminal intercept, 
and penetration. Specifically, the project sought to investigate the detailed spatial and 
temporal characteristics of the fireball thermal output and airglows in the region from 
0.2 to 7.0 microns. with special emphasIs at 2.7 and 4.3 microns. Secondly, the projec~ 
sought to determine the processes LD the perturbed upper atmosphere that lead to these 
radJatioDs, in order to confirm theori.es and to develop scalln&' and prediction techniques 
relating to the effects. 

The third or biomedical area was concerned with the chorioretinal burn hazard that 
may :,eault from the detonntion of nuclear weapons at higb altitudes. There were two 
specifiC objectives: (1) to test and improve methods for predicting the threshold distances 
at wh!ch chorloretinal burns will be produced, particularly from high-altitude detonations. 
and (2) to test the responses of protective devices and various phototropic materials to the 
thermal and visible radiations produced by nuclear detonations. 

6.6.3 Instrumentation. A relatively large number of both ground and airborne stations 
were used on all shots. Ground stations were located on Johnston, Maui, Hawaii, Fiji, 
Samoa. and Tongatabu (Table 6.14). Seven instrumented aircraft were used on most shots 
at optimum distances and positions relative to each of the bursts. Tw'J KC-135 aircraft 
(FLgure 6.11) were jointly used to collect optical and infrared data. Five C-llS aircraft 
were used exclusively for biomedical data collection. Other than for minor instrument 
repoLoting. stations remained Wlchanged for all events. The Interl.or of the Johnston 
Island. DOD photo station 1s shown in FIgure 6.12. 

The optical aircraft, however. were repositioned for each shot to allow optimum 
pointing of the instrumentation that was set at fixed-look angles within the aircraft. The 
shot time positions of the optical-infrared aircraft are given in Appendix P. Burst poSi
tion data in Appenclix P is early data. Corrected burst poSitions ar.e given in Table 1.2. 

The slant range to the biomedical aircraft for each of the bigh-altitude shots on which 
they participated is given in Table 6.15. 

A consolidated list of infrared instrument characteristics is given in Appendix Q. A 
consolidated list of optical instrument characteristics is given in Appendix R. Tbe instru
ment lists are not complete; only representative instruments are listed. A complete list
ing of instrumentation is contained in the Project Officers Report (POR) for each of the 
project area~. 

6.6.4 Results. In general, it appears that the well-known characteristics of atmos
pheric fireball formation and growth change drastically as the altitude of detonation in
creases. From prelimlnary study I it appears that altitude of detonation has a far greater 
effect than yield in this respect (Figure 6.13). Although Blue Gill had 20 times the yield 
of Tlght Rope, the fireball size. growth, and rate of rise were not greatlv different. U a 
comparison is made between Tight Rope 30M Check ~hte, or between 
Blue Gill and King Fish, wbere only the altitude is diUerent, tremen
dous differences appear. Another Loteresting comparison is that of the Star Fish 1.4-Mt 
detonation and the Check Mate In neither case was an X-ny-heated 
fireball formed. cather weapon debris was thrown out and expanded in what appeared to 
be a hydrodynamiC manner. The maximum diameter of visible debris was measured in 
both cases 
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Tight Rope. This shot, hehaved in a manner very similar 
to a near-surface detonation (FLgure 6.14). Firat, a Ipberlca! radiative fireball, created 
by X-ray-heated air, was formed and then grew. The optlcal opacity of the fireball was 
80mewhat leS8 than would be foWld in a near-surface detonation. It wa& possible to detect 
a debrl8 shock formed at about 'Iso second whIch moved out rapidly and caught up with the 
radiative fireball. 

No Visible stream of electrons, beta patch, or aurora were 
formed. 

Re1atlve radiance curves for three spectral bands are given in Figures 6.15 through 
6.17. Tlme has Dot permitted calculation and plotting of all curves in absolute values. 
The data l'eduction phase will take into account instrument calibration, pointing correc
tions. window, and atmospheric corrections as well as readout of additional cbannels of 
data. The Tipt Rope thermal pulae was sImilar in character to that from Shot Yucca of 
Operation Hardtack. 

A well-defmed maximum. minimum, and interval of constant intensity were 
resolved on the rise to the first maximum. Evidence of 8imilar irregularities were en
countered on the leading edge of the Yucca pulse. The reported time to minimum could 
be in erroll ,clue to the inaCcuracies 1D.bennt in the field data 
reduction teChnIque. The ratio of the tntenaities of second to firlt Jnaximum was observed 
to decrease with decreasinl waveleJUrths. 

Tight Rope produced chorioretinal burns 1:1 animal speclmenll at slant ranges from 
11.5 to 58 naut mi. No sipiflcant burns were produced Oeyond thill range. 'rbe 1e.ions 
produced varied from 1.2 mm in diameter at the 1l.5-naut m.1 IltaUlln to 0 19 mm. 111 diam
eter at the 56-naut mi staUOD. 

Blue Gill. This sbot. proved to be one of the most 
interesting of the series. For the first time, a series of shock and ret-oundlng waves 
were plearly recorded within the radiative fireball of X-ray-heated air (Figure 6.181. 
The fireball rose at a relatively constant rate juooughout the first 2 min-
utes at which time preliminary measurement ceased (Figure ti.19). 

The fireball was initially a nearly perfect sphere with blue streams of electrons 
extending north and south for a distance of approximately two fireball diameters at early 
times. These appeared to be closely alined with the earth's magnetic fle.d lines at shot 
altitude. Other than this rather localized effect. no auroral phenomena were observed. 
After about 3 minutes. the fireball developed into a conventional vortex torOid. which 
grew slowly and persisted visibly nearly 30 minutes. 

The visible, near-lnfrared, and 1.58-mlcron detectors all gave signals of an order 
of magnitude &helve natural sky background for about 2.000 seconds (Figures 6.20 through 
6.22). As the early curves cannot be made to fit a power law function. It il doubtful that 
the effect il due to fisslon product decay. Rather the emlulon phenomenon appears to be 
due to a one-body aerochemica! reaction. Later data analysis may confirm or deny this 
ear ly assumption. 

Chorioretlnal burns were produced in all animals at all exposure statlOfl.S from 32.7 
naut mi out to 103 naut mi as a result ">f Blue Gill. In many instances. the burns were so 
severd that they were obscured by hemorrhages within the eye. There is some reason to 
belleve the aIrcraft. were positioned incorrectly due to erroneous predicted brightness 
values. This matter will recei.ve considerable study. 
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Two humans accidentally received chorioretina! burns on Johnston Island durIng 
this event. Both were military personnel who have aince been assigned to tile School of 
Aerospace Medicine for continued observation and treatment. This wUortunate occur
rence v.ill. however, present the first opportunIty to correlate c.ltorioretlnal burn com
parisona in both human and animal subjects on a single well-instrumented detonation. 

Some visible aurora was observed in the Southern Conjugate Area in the form of a 
brief white flash. No other phenomenon wa" recorded at that location. 

King Fish. ThIs shot, Drocillced several interestl.ng vIsual phenom-
ena, probably associated with the begiJlning- of a transition zone between the denser atmos
phere below t..t.:lls altitude and the thinner atmosphere above. The detonation produced a 
relatively large, transparent, nonsymmetrical fireball, whicb grew quite rapidly tn size 
-well OIlt of proportIon to the device yIeld (Figure 6.23). In addition to its rapid growth, 
the fireball rose at a fas~er rate than any of the other shots of the series. 

Durinc its growth, the upper limb was preceded by a reddish glow that moved upward 
ahead of the fireball and appeared to !lave the characteris-
tics of a shock wave. 

The time history of King FIsh in the first 5 ~sec as recorded by a camera located 
on Johnston Island is shown in Figure 6.24. The first frame recorded apprOximately the 
first 0.1 ~sec after the beglnnlng of the release of the X-ray energy. The outward expand
ing shells shown in subsequent frames represent X-ray pulses made visible by the air 
fluorescence process. The existenCE! of three distinct rings, which implies the presence 
of three X-ray pw..ses, is a most interesting phenomenon and the following explanation has 
been suggested. 

Late-time fireball photographs show that, .he King Fish fireball had 
developed definite asymmetries. A strong group of beta-ray auroral streamers were 
seen following the geomagnetic lines down to the north. A shock wave was seen penf'~rat-
Lng the 'auroral streamers. three shocks emanated from the fireball. 
The group of alreamers developed a s11ght Dend a short distance below the fireball, and 

a definite bend developed beneath the fireball. The region between the 
fireball and the bend was probably partially ionized alr lei't in the wake of the fireball. 
This plasma temporarily froze the magnetic field lines that were stretched between the 
initial and present positlons of the fireball. 

The fireball photographs taken after detunation time of King Fish 
!howed a filamentary structure in the upper region of the fireball. This structure ap
peared to be associated with the geomagnetic field Hnes originally excluded from the 
expanding fireball and their return into the excluded volume. The debris was seen to be 
widely dispersed throughout the fireball. From Maui, ' .e original fireball was seen to 
be rising, preceded by a bright red. expanding air-shock regIon such as was seen during 
Shot Teak. The evidence that the major component of the light from the red air shock • lies in the 6,240- to 6,390-A region, and that a major portion of the red flux reaching the 
Haleakala station lies in that wavelength band, is borne out by comparison of the signals 
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received tbroUih the narrow 6.300-1 (half power 6.240 to 6.390A) channel and the wideband 
red (S.MO to 6.400 A) channel filters. By 300 lecondl. virtually no red l1pt out. ide of 
this band was received. The emillion within the band decayed. approachlng a halt-Ufe of 
126 RcoDelI. Thi. red 110w wal molt probably the atomio OXYleD lO-3P doublet at 6,300 
to 8,3631. excited by the hip temperature behlDd the .hock front. AI.uming nO further 
excitaUon atter 300 .econda. aDd alluming further that collisional quenchinl at low Oess 
tlwl 200 kIn) altitude. ia DO loapf important at 300 •• conda. the l2S-lecond half-Ufe 
appear. to be indicaUve of the 01 forbidden red tranaitlOll. It mulJt be .impbaaized that 
this i. a preH:.:Jnary result. which will be lubject to further nadout of data tram these 
channels aad from that 1D the other pbotomwUplier systems, microdensitometry of the 
rums, and to a more careful analYllll1 of the responle of the phototube-filtel' combinations. 

&d1ance veraul tlmd curvel for the 0.4:- to 0.5-micron and 4.8- to 5.5-micron 
band. are livln 1ft Flaurel 8.215 aDd 8 .. 28, respectively. 

Animal. expoaeel to the fireball at distances ranglnl from 65 to 405 naut mi experi
enced DO cborioretinal burne. It would appea.r that the large area of the fireball did not 
produce a luff101ently brl~t aurface to 1n1l1ot vi8lble dam .. e to the eye. 

Check Mate. Thi. ahot, appeared 
to define the u.pper limit of the tran.ition zone, 

. No fireball. or sphere of X-ray-beated alr w •• produced. Rather, weapon dehria 
was thrown outward at a rapid rate (Ficure 6.27). 

Early recordlnp Ihow lba!'p apikel protrudinc from the rapidly expandins spherical 
debris ma... Alao ahown is a faint halo at great distances from the burst. probably caused 
by ilpt emi •• ioD from metal table excitations 1D the X-ray depoaiUon reglon. Recording. 
made .how clearly that the debrll from Check Mate 1s not distributed i.otrop
lcally at early Umea. but La confined mainly to an expanding toroIdal rlnl. This conclu
sion ia supported by other pictures which show that the plane of the r1nar ia normal to the 
axis of the weapon at detonation Ume. Photographa show that the instabilities 
in the debris motion bad developed into maSSive jets . 

.. he Check Mate fireball was characterized by both the instabilities 
noticed earlier and by a beta-ray aurora. These features were taken by a cloud camera 
in an aircraft located north of the burst. At + 35 seconds, the fireball was rising fast, 
and the ~urora1 streamers appear to be disconnected from it. This latter effect probably 
was caused by a local distortion of the ma.gnetic field lines when they were frozen in the 
ionized illses of the fireball. This bebavior was similar to that observed during King 
Flsh. Photographs which portray the development of the debris aurora from the late fire-
ball stal" .bow the debris riDi beginning to lose its circular shape. 

Thereafter. the debris gradually slowed down and stabilized 
at an alUtude of 250 km by 75 aeconds. 

Relative radiance curves for the 0.75- to 1.0-micron and 1.88- to 2.55-micron bands 
are given in Figuns 6.29 and 6.30, respectively. Time has not permltted reducIng these 
curve8 to absolute values. Absolute values for the 4.8- to 5.5-micron band are glven in 
FLeur. 6.31. 

Becal!8e of the low predicted vlsible output, no animal specimens were exposed on 
this event. Many phototropiC filters and electromecbanical goggles and components were 
expo oed. Details of the materlals and components exposed and the results of the exposure 
can be found in the appropriate PCR' a. 

Star Fisb. This shot. 1. 4 Mt at 400 !un, produced no con-
ventional fireball. Tbe weapen debris moved outward at a very rapid rate. reaching a 
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diameter of about 615 km 1n 20 mlec (Figure 6.32). 
Tbe early .tap. of the debri. expanaion of Star Flab were recorded by Inera! 

hip-speed cameraa. The rums dlaUnctly show a rapidly expaDdiq sben, which leave. 
beh1Dd a Ilower movinl core. Mealurementa on thi. f1lm showed that thi. IheU i. expand-
1DI radially with a velocity of 1.6 m/"sec. Tbe station on Mauna Loa, HawaU, proved to 
be an ideal location from which to view large-scale aurorAl eHecta. photoll'aphs taken by 
a camara operaUna at 100 tramee/aec clearly .bow the early-Ume bistory of the debria 
.. It expanded with the earth's atmosphere. An upward-moving component of the debria 
waa observed to rl_ from the inner corei the down.vard-moving debria ia aeen t(l colllde 
with the earth's atmoaphere and produce a marked increase in the brightness of the sky 
over a considerable regIon beneath the burst point. 

A number of Ume exposures usil\& 35~mm st111 cameras located directly '>elow the 
burlt recorded thelaie-tlme pheDOmeaa when Upt output wu weaker. Two .ucb photo
graphs show auroral streamers extending upward and generally following the geomagnetic 
lines heading toward the Southeru ConJupte Area. This auroral dilpla~ continued at later 
time. The general red l..':')w that extended over a luge volume of space surroundlug the 
bUrst area Is attributed to emission in the red llae8 of atomIc oxygen. 

Photographs taken trom Tonsatabu show the southern hemisphere aurora as a Con
centration of .trumen" allno.t duv north of the .tation. The .ame display w .. ob •• rved 
vllually almolt due lOUth from TutuUa and Samoa. This auroral dilpl.ty was not "10-

clated with the ma1n. alU'oral concentration, wbich wa. lOuthelit of Tutulla. Further 
detalls and example. of the photography are cC'lntained in the POR ' •• 

Strong radiation was observed at 5.3 microns from the production of nitric Oltlde. 
Upper and lower limit .:a.lculation. on radiation intensitles to be expected from nitric 
oxide indicate that levell are conliderably above what mIght be expected tror.l u tRBMI 
ICBM tarlet. The radiation at 5.3 micron. wa. about three order. of magrutuJe greater 
than predicted as observed by three of the four 5.3-micron photometers for ilpproxlmatelj 
70 seconds (Figure 6.33). 

As predicted for tlUs event, no signals were observed in the 2.7-mlcron region. 
Intense optical-IR background radiation in the 0.8- to l.l-micron region was four orders 
of magnitude above normal. 90 seconds aiter detonation. At 700 seconds. the intensity 
was still one order of magnitude above the natural background. Many auroral/ airglow 
linea and bands were observed to be extremely bright and persistent. Typical of the 
narrow band spectral data was strong radiation In the neighborhood of 3,460 A for about 
150 seconds; mi. persistent radiation has been tentatively attributed to either the (1-10) 
Vegard-Kaplan band at 3,425 ),. or the (Nl)31 tranaauroral multiplet at 3,466 A. 

Although animal speCimens werf'l exposed to the detonation at distances ranging 
from 297 to 834 naut mi, no retinal burns were produced. Ttlus, no retinal burns resulted 
from any of the shots of the series above 90 Ian for the yields and altitudes tested. 

6.6.5 PartICipation In Ate Developmental Tests. Retinal burn and fiaahbl1nc'ness 
studies were conducted on the AEC airdropped dIagnostic shots. (See POR-2014.) 

The fiashblindnes8 project participated on elgbt of these events. It was found that no 
loss in visual acuity occurs for a nipt-adapted observer exposed for intervals approach
ing 10 maec to the detonatlon of megaton weapons in the lower atmosphere at rangel 
greater than 10 miles. Photographic records ot time-intensity characteristics ot weapon 
flashes were obtained from oscilloscope traces of the output of photo receiven. It is 
hoped that final data analysis and extrapolation to lower yields and closer ranges will 
prOVide information necessary for the final design of flashblindness protective equipment 
responsive over a wide range of yields. 
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6.7 BLAST AND PRESSURE EFFECTS 

6.7.1 Backp'ound. Althoush no .ucce •• ful close-in blast meuurements were made 
on bllh-altitude detonations in previous operation., the surface level measurements of 
overprea.ure-Ume taken during Operation Hardtack lncUcated that, for nuclear detona
liou up to altitudes of 250.000 feet, tbe eUect. of blaat at alUtude could be substantial 
and that overpressures at the earth's surface could be predicted. Some theorles were 
developed. and machine calculations were made in an attempt to find a means of deter
mi n1n, blaat effectiveneas UJJder the conditiona of intere.t. However, a. bunt altitude 
1. increased. the partition of released enerv chana's, and con8~uent1y, the apparent 
blast yield. at altitude, cannot be predicted with any accura~y. The Fish Bowl Series 
offered an opportunity to make measurements close to bigh-altitude nuclear b!lrsts as 
well &8 the usual surface overpressure mea.urements. 

6.7.2 Ol;,jectlves. The objectives of the blast and shock measurement program were: 
(1) to obtain close-in measurements of peak OVerpl'8 .. ure and overpretlsure-time from 
hiIb-'alUtude nuclear bursts. (2) to 1Jbta.111 peak acceleration and acceleration-time meas
urements for specific vehicles close to h1gh-alUtude nuclear detonations, (3) to obtaIn 
lurface level measurements of peak overpressure and overpre.sure-time from high
altitude nuclear detonation •• and (') to determine the blast effecUveness. early blast
thermal lnteracUon. and missUe response to blgh-altltude nuclear detonations. 

S 7.3 Instrumentation. To obtain the close-in measurements deslred, tbe Ballistic 
Research Laboratories (BRL), Aberdeen Proving Ground, Maryland. (Project 1.1) pro
vided pressure and acceleration laces for mounUng in the Instrument podl carried Aloft 
by the Thor milaile (FllUr8,l 6.34 and 6.35). Two types of prealure 1&101. two types of 
accelerometerl, and one type of shock spectra lenslnl devLce were utUized. 

Since all tim~dependent gages had a limited recordIng time, it was necessary to pro
vide a sequeMe timer to turn on the gages in each pod just before burst time. The pro
gramer selected was crystal-controlled with a variable R-C network for manual a.djust
ment of total time. The missile lift-off signal activated this programer which. after the 
lapse of the preset time, activated the pges. Once activated. one gage controlled the 
recording time :)f the other gages in each pod. 

At the Star Fish altitudfl. no actual overpressure was exp8C'ted close-in to the burst; 
therefore. only two pressure gages were flown 'In this event. These gages were mounted 
in the middle-distance (S2) pod. Two accelerometers, two shock spectra gages, and one 
progra.mer were mounted in each of the pods. 

On Shots Blue Gill and Kine Fish, four pressure gages, two accelerometers, and two 
shock spectra gages were mounted in each pod. Programers were used in all pods except 
the middle and far (K2 and K3) pods for King Fish. These pods depended On activation 
by a lamma switch. uaed previoully II backup In all other pods. to start the recording 
I,(lges. 

Further details on the above instrumentation are contained in POR-201Q. 
Surface level measurements were made by two project agencies, BRL and AFCRL. 

BRL utUlzed Wiancko microbarographs and Statham low-pressure straIn gages, changing 
senlinl device ranges al necessary to caver the rUlles of overpreS5ures predicted for 
each event. For Star Flsh, stations were established at Johnston Island and on SCientific 
ships S-l (USS Oak HUI) and 5-4 (USNS Point Barrow). For Shots Blue GLU, King Fish, 
Tight Rope, and Check Mate, the Johnston Island and Ship 5-4 stations were contir,ued, 
but the station on Ship 5-1 was moved to Wheeler AFB. Oahu. 
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For all shots. stations were activated shortly before burst and operated postshot for 
sufficient time to Insure reception of all prel8ure waves. AFCRL, for Star Fish, estab
Ushed ~tatlon5 at Midway. Samoa. Wake. and Shemya (Alaska). each station using SBS 
mierobarosraphs N-3 and N-6. On subsequent shots, the W&ke and Shemya stations were 
eliminated. All stations were operated continuously for the duration of their establishment. 

Further detaUs On this instrumentation are contained in POR's 2010 acd 2020. 

8.7.4 Result.. Pod Data. On Star Fiah, all iDatruments In Pods S1 (near) and S2 
(middle) operated saUsfactorily. In Pod S3 (flir), only the pges not requiring electrical 
power operated. The malfunction of other gages was attributed to battery fallure, Pres
.ure and acceleration sases did not reveal any discernible data. The shock spectra gages 
did show fluctuationB a but plots of the data presented no clear trend of accelerations for 
any pod. 

en Blue GUl, only tho .. laces not requlrinc electrical power operated in B1 (near) 
and B2 (middle) pods. The cause of the malfunction of the remaining gages is undeter
miDed. All pces In B3 (far) operated, but on lome of the Pies the time base markings 
were not present. On. all gages that functioned, there were discernible fluctuations in 
the recording throUihout the recording time. However, the fluctuations were somewhat 
ainusoidal in appearance, and there were no apparent differeDce. from one pod to another, 
therefore no shock parameters could be im:plied. All of the ahock spectra gages showed 
evidence of inputs. however, the data gave no obvious pattern of vibration. 

On K1ng Fish, allsace& Ul JO (near) operated. but some recordings were lacking 
the Ume base. In K2 (middle). only the sprine-motored gaps operated. Since this pod 
waa badly damaged by water impact. it is believed that theae pge8 were activated at 
water impact. Apparently, the gamma switch failed to activate the gages at burst time. 
All gages in WI pod were damaged to aome degree. Pod K3 (far) was never recovered. 
On all recordings obtained. there were sinusoidal fluctuations Similar to those seen in 
Blue G'm, and nothing that could be plDpointed as data was discernible, The shock spectra 
gages again showed inputs, but no obvious pattern of vibration and no shock parameters 
could be deduced. Investigation and examination of all these gages is continuing in an 
attempt to interpret the recordings obtained. 

On Star Fish and King Fish, no overpressure data was expected. but shock spectra 
and acceleration data were anticipated. On Blue Gill. no overpressure data were expected 
from the two outer pods. The procurement of overpressure data on the close-in pod was 
considered marginal. because the pod velocity at burst time was in excess of 10,000 ftl sec. 
Calculations indicated that the pod had to be within 3,000 feet of the burst to be overtaken 
by the shock wave. Beyond 3.000-100t separation, the pod would outrun the shock wavp-. 

Surface Measurements. On Star FIsh. the recorder aboard Ship 5-4 rr'I~lfunctioned. 
and no data was obtained. On Ship 8-1, the prevamng ambient conditions, wind up to 20 
knots and ship roll of up to 20·. completely obscured any sllJl&l from the overpressure 
wave. The Johnston Island station operated successfully. reporting a maximum over
pressure of 170 microbus at the surface. with a positive phase dUration of 10 seconds 
and an arrival time of 455 .ecolld. after bur.t. 

On all other hlsh-altltude event •• all stations were operated except the Oahu sta
tton during K1ng Fish and the Ship 5-4 station during Tight Rope. Table 6.16 presents 
data obtained. No discernible data was obtained on any of the high-altitude events by 
the Midway. Samoa, Wake. or Shemya stattons. 

BRL also operated the Johnston Island and Oahu stations during all airdrops con
ducted in the vicinity of Johnston Island. and the Ship 8-4 station for two of these events, 
Table 6.17 shows data available. 
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For these eventl. instruments were also placed on the target barges and on the 
USS Forster. However. the data from these Instrumenta has not yet been reduced. 

6.7.5 Summary. Close-in blast data from high-altitude events was not obtained. It 
had been predicted that any data obtained would be marginal at beat. Althouib lome 
record, were obtained. their interpretation 1. not possible at present. and Instrument 
functioning must be conaldered marginal. Surface level measurements. using long proven 
techniques. were successful. Bowever. the losl of data on Star Fish indicates the need 
for stable platforms for i.D8trumenta to measure the very low overpressure, generated 
by high-altitude events. 

Further development should be pursued to produce a system of instruments capable of 
measuring blast parameters close to high-altitude events. Means of positioning these 
instruments mull also be further invelUCated. To insure succesl. it appears necessary 
to place instruments above. and moving toward. the burst. 

6.8 ATMOSPHERIC PARAMETERS 

6.8.1 Background. Accurate information on certain atmolpheric properties was re
quired durtnr Fiab Bowl. in order to: (1) relate test data to theories of blast and shock 
phenomena in the upper atmosphere. (2) relate ob .. rved radiation fluxes to ionization 
produced. (3) determine the mass transport of nuclear debriS by hiih-altitude winds. and 
(4) measure dlffwJlon coefficients. 

Since the atmospheric physical properties are somewhat variable. the cUmatologlcal 
data based on previous measurements was not adequate to properly interpret other data 
or to ctetermine debriS motion. 

6.8.2 Objectives. The objectives of the atmospheric parameters measurements pro
gram were: (1) to determine profiles of air denSity in ~e 30- to 105-km almude region, 
(21 to deduce atmospheriC pressure and temperature from the density me"~surements, 
(3) to measure wind velocities. diffusion coefficients, regions of turbulence. and eddy 
spectra in the altitude" ··.:1n between 60 and 150 km. and (4) to deter'mine whether the 
nuclear detonations had any effect. on atmospheric circulations at high altltudes, that 
would persist for hours. 

6.8.3 Instrumentation. In the falUng sphere experiment. air density was calculated 
from lbe equation for aerodynamic drag applied to a free-falling 7-inch rigid sphere that 
contair.1ed a transit-time accelerometer with omDidirectional characteristics. The sphere 
was ',Jected from a Nike-CaJun rocket vehicle (Figure 6.36) at an altitude of about 60 km 
during the upleg portion of the trajectory. The sphere velocity at ejection was sufficient 
for it. to attain an apogee al titucie of nearly 158 kIn. 

Because of inherent design features. the transit-Ume accelerometer provided incre
mental clata rather than continuous information. Thus, the value of air density obtained 
represents an averag~ value for the altitude region travened by the sphere during tbe 
meuurement. Density values were averaged over a greater altitude range at the higher 
altitudes. This resulted from a reduction In sphere drag acceleration due to decreases 
in both air density and Iphere velOCity. On the upl. portion of a typical sphere traJec
tory. accelerometer transit-times increased Wltil the instrument no lObger responded to 
the very small accelerations. This threshold sen,Ltivlty limited measurements of drag 
acceleration to approximately 10- 6 g. corresponding to an altitude of about 105 krn, with 
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the Nike-Cajun trajectory. On the dOWll.&eg J)Ilrtlon of the sphere trajectory, good data 
was asain obtained at an altitude of about 105 km, corresponding to the accelerometer 
threahold sensitivity. 

The drag acceleration data was telemetered from the sphere and used to calculate 
atmospheric denSity. However, to make this data meaningful, the spherf. trajectory h9.d 
to be accurately known. By successive intelration of the acceleration dt,Ata, the sphere 
velOCity and trajectory were determined. This property made it possible to successfully 
use the falUng sphere technique without tracking facilities, but the accuracy is limited 
because the acceleration is measured only during part of the night. In the FIsh Bowl Se
ries, radar tracking was used to obtain a more accurate trajectory for \!le falling sphere. 

The technique used to measure high-altltude winds in ... ·olved the ejection of a sodium 
vapor trail from the second Rap of a N.lke-Cajun rocket at dusk or dawn twilight. The 
rockets were tracked by radar, 

Tbe sodium was sunlit and, as a result cf entission of resonanc~ radiation, was visible 
apinat a darkened background for about 20 minutea. The trail was photographed simul
taDeoully from Johnston Island, and ShIpe 8-1, 8-2, and 8-4, permitting subsequent 
triangulation to determine the altitude of various parts of the cloud. 

Durin. the period when the traU Is visible. lt8 ablll.pe under80es continuous changes 
etae to the wind velocity at various altitudel. U the traU expansion 18 radial In a coordi
nate system mOving with the Wind, the magnitude and direction of moUon of the trail 
center gives a direct measure of the winds 1n that region. 

6.8.4 Results. Good data was obtained by both the fall1ng Iphere and tbe sodium vapor 
trail experiment.. Tables 6.18 and 6.19 show Ume of rocket firings and the 3uccess or 
flliure of each flipt. 

Rockets 1 througb 4. for the falllng sphere experiment. were launched during JWle and 
July. On these flights no measurements of detonation-produced changea in the atmG6phere 
were made or planned. The data obtained on ambient air density Is in general agreem~nt 
with that expected at Johnston Island. 

During October and November. Rockets 5 throu.gh 9 were launched; ODe for background 
data and the other four a few minutes after Check Mate. Blue GUl, King Fish, and Tight 
Rope. Ail. except the post-Tight Rope rocket, provided excellent data. Measurable 
heating effects and reduction in density were observed after the detonations. 

The data obtained from the sodium vapor experiment showed that the winds in the D
and E-regions before Star Fisb were typical for this location and time of year. The 
meuurements at dawn following Star Fish showed that the ai.mo~phere was considerably 
disturbed. The wlnd directions, In particular. were completely different from those 
normally observed. Above 97 km, the wind was from almost due north, probably due to 
induced currentl parallel to the magnetic field. 

During October and November. data was obtained after Blue Gill. at three diUerent 
times atter King Fish, and at dusk before Tight Rope. King Flsh caused a considerable 
disturbance of winds in the ionosphere, whereas only a relatively small perturbation was 
produced by Blu" GUl. Followlng King Fisb, the winds had returned almost to normal by 
1usk on 0 + 3 days. The perturbation caused by King FIsh was not as pronounced as that 
J:,l'oduced by Star F, lb. 
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TABLE 11,1 FREQUENCY :&.\NIB OF 
MILITARY INTEREST 

Band Frllqllea.ez RaDle Wavel_1!!! 
meter. 

VLF StoSOke 101 to 10' 

LF 30 to SOO kc 10' to 10' 

IIF 300 to 3,000 ke 10' to 101 

Hi' S to SO lie 100 to 10 

VHF 30 to 300 Me 10 to 1 

UHF 300 to 3,000 Me 1 to 0.1 

TABLE 6.2 MAXIMUM EXCESS TEMPERATURES 

All temperature. lD OK. 

Shot 925 Me 3000 Me 35.000 Me 

Star FiM 250 22 Negligible 

Check :\late 4000 9000 8700 

King Filh 670 4700 4700 

B111e Gill 350 2200 3300 

TlPt Rope 55 730 2000 
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TABLE S.3 DURATION OF EXCESS TEMPERATURE 

Duntioll II appro::Jdmate time required :01' .. 10-fold 
deer ... from muimUlO obaerved. 

All tim .. ill .ecoack. 
Shot 925 Me :.tOOO Mc 35.000 Me 

Stal' FlU 

Check Mate 

K!q Fl. 

Bl",. OW 

Tilbt Rope 

>120 

zao 
60 

160 

60 

>120 

150 

30 

110 

120 

9 

l' 

'" 18 

TABLE 6.4 DURA TIOr.; OF BURST REGION CLUTTER 

All time. in minllte •. 

Frequeucy Check Kinr Bllle Tilbt 
Mate Fllh Gill Rope 

Mc 

1210 3 9 10 6 

850 3 12 12 6 

1t6 ., 16 a5 8 
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TABLE I.S DEBRIS HISTORY INSTRUMENTATION 

fii.trumenta tion Projfl:t Location Shot Remark. 

Gamma-ray detector 6.5b Conjupte Are. All Telemetry from ba.llooaborne detector 

Neutron detector '.5b CoaJupte Ar_ All Telemetry from bellOODborne detector 

Photoeiectric detector 6.lIb Conjllpte Area All Time of onset of al.lroral emission 
• • Photometer a.lIb ConJupte o\rea All Emi •• l~n .. t 6300A. 5577 A, and 

U78 A 

Photometer AFTAC· ~ak., Midway All Emi •• ion from LI. BA. at . and ZR . • • Photometer 6.8 JobutoD, 8-1. All Emi.'\.on at&708 A, 6130 A, 5535 A. 
5-2. 8-4, 8-5. 45506 A of Deutral LI. BA. and ZR, 
Toap1abu., F. ad ionized BA 
F. ~. Tutll1la 

Rtometer 6.8 BoatOCl. Midway. All Measured ')'IIcbrotron radiation and 
Wake. Tutul1a, ionospberic ablorpUon 
Taap .... 0I.Im. 
JobutoD, 5-1 thrv. 
8-11, F.F. Shoal., 
Palmyr~. Canton. 
DAMP Sl!.!p, Viti 
Levu, Acania, 
Cbrbtma •• Peru. 
Rarotoftp. Trinidad 

Riometer 6.Sb Tonptablll. All M .. ured syncl!.rotron radiation and 
Tutuila ionospberic absorption 

Gamma-ray detector AFTAC· Hickam AU Gamma-rays I:ounted by a U-2 aircraft 
~ burst and Dorthern conjugate area 

Gamma-ray spectrometer 6.10 Fiji All Gamma-ray. counteo by a KC-135 
aircraft in the southern conjuiate area 

Rockets 6.7 Johnaton Island SF/Cd Mapetic field .trenl1h. neutroo. beta. 
L'ld ganlma fluxes from rockethorne 
sensors 

Gamma-ray SCaNler 6.2 Johnston Island "FIKF!BG Mapped debrl" region using rocketborne 
.811001" 

Rocket. 6.3/6.4 John.ton Island SF/KF/BG Electron and ion den.iUe •• X-ray and 
pmma-ray. (prompt and delayedl, 
electron temperawre and iOD IIpecie. 
'rom rocketbt.1'I11 len.ora 

Gamma-ray detectors 612 Satellite SF No data obtained 

• Air Force Tecbn1cal Application. Cctar. 
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TABLE 6.6 PROJECT 6.7 ROCKET TRAJECTORIES FOR STAR FISH 

RCidtet LaWlcb Di.tance from NomiDal Splaab 
Number lime Burst at H-O Coordinates 

lee feet 

1 H-462 aoc· 24.6 N 170.06 W 

2 8-2ee ~O· 24.6 N 170.06 W 

3 H-160 10l}t 8.14 N 171.83 W 

" H-l40 200t 0.29 S 17~U9 W 

5 H-510 l,OOOt 0.29 S 172.49 W 

• M_Gred perpendicular to field line thrOUlb bur.t &way from surface. 
t Meuu.red perpendlcular to field liDe tbl'Olllh burR toward _mce. 
t M_sured alone die fteld line throup burlt toward the sou.UI, 

TABLE 6.7 PROJECT 6.7 ROCKET PAYLOAD INSTRUMENTATION 

lDatnlment 

Rubidium vapor magnetometer 

Hall effect magnetometer 

Beta cOWIterll (6 per payload) 

Gamma cOWl.ters (3 per payload) 

Yanik,. cup. (3 per payload) 

Data 

Total iDstantaneoul magnetic held 
intensity 

Component of instantaneOUl magnetic 
field intensity parallel to spin axi. 
of payload 

lD.lta.ntaneou. flux of fil,ioD beta 
particle. 

ID.stantaneoua flux of fil!lOiol> gamma 
ad of brem •• trahlunc 

Debril Ion current ad asslon beta 
current 
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TABLE 6,12 UNFt"'~D£D GEOPHYSICAL EFFECTS DlSTRm.lEXn,TIO~ 

Instrument 

Earth current 

Variometer 

Earth current 

Variometerl (N-S) 
(E-\\') (\'ertical) 

Location Sponsor 

Newton, ~tan.chu.etta Space Science, Inc, 

State College, Penna. HRB-Singer, Inc. 

Ghana, Welt Africa UD~veraity of Chana 

Brisbane. Australla University of Queenllh.nd 

Flux-gate magnetometer Brisbane, AU6tralia Unlversi!'y of Queensland 

\'ariometer 

~tagnetic ar.d eartb 
curreDta 

II etaltable-helium 
maane~meter 

Hoban. Talmania University of TUm&nh 

Cold Bay. Alaska and )father and Wescott 
Damaru, Sew Zealand 

Near DLllas. Texa. Texas InlltrllIDents 

Large-loop mametometer Lebanon. Se'" Jersey USAERDL 

USAERD~. Earth current 

Rubidium vapor 
magnetometer 

Earth current 

La1'le-loop 
mapetometer 

Large-loop 
magnetometer 

Lebanon. ~ew Jersey 

Lebar ~n. Sew Jersey 

Flaminlo, Florida 

Baxter State Park. 
~taine 

Columbia. South 
Caroiina 
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TABLE 6.1" GROUND STATION POSITIONING DATA 

Stauon Information 
A.:tuai PQsit~ 
(PreliminarYI 

Photo Station 
Latitude lS·44'S"N 

JUO Lollli~uie 169·31'43"W 
Johnston Island 

AblOlute alUtude 7 feet 

Latitude 19·32'21"S 

~Iauna Loa Si te Longib.ldo 155·34 tol2 "W 
Hawaii 

Ablolute alUtude 11,150 feet 

Latitude H"19'lS"S 

Tutuila Site Longib.lde 170·50' 10"W 
Samoa 

AblOlut .. altitude 600 reet 

LaUtuci" 1;041' 36"5 

O\'&lau Site Loncitude 178·49' 54" E 
Fiji 

AbGClute alUtude 200 feet 

Latitude 21"03' 56"5 
Tonptabu Site 

Longitude liS·04' 33"W 
Tonp 

Absolute alUtude 20 feet 

Haleakala Site. 
Latitude 20"42'30"S 

:'otaul Island. Longitude 15S"15' 2S"W 
HawaH 

Absolute altitude 10,000 feet 

Camera Station 
Latitude 16'H'06,""~ 

J-811 Longitude 169"31'43A"W 
Johnston Island 

Absolute altitude 10 feet 

TABLE 6.15 SLAST RA!'GES OF BIOMEDICAL AlRCR.4.FT 

Ail d1stancel are given in nautical mites lIlane range to burst. 

Shot 
Aircraft 

P-l 

Star Fish Prime 297 371 487 694 i54 

Check Mat" No participation 

King Fish 506 113 205 306 -105 

Blue Gill Triple H ~6 79 103 .-\hort 
Prime 

Tight Rope 25.8 56 99 150 

164 



TABLE 6.lS 

R<xk.~t 

~umber 

1 

2 

3 

" 
5 

6 

';' 

S 

9 

F.lo LLING SPHERE MEASl"REME~TS 

Date Time Shot 

1962 

1 Jun 1800W 

19 Jun 2230W 

8 Jul H-30 min Star Fish 

2:1 Ju~ 19iOW 

1901:t H. 10 min Check ~bte 

26 Oct H + 15 min Blue GUI 

~9 Oct .!300W 

1 ~O\' H" 10 min Ki:-.g Fish 

3 ~O\' H + 4 min Tight Rope 

Remark. 

Good data obtained. Shot poatponed. 

Good data. obtained. Shot aborted. 

Good data. obtained. 

Good data. obtained. Shot postponed. 

Good data obtained. 

Good data obtained. 

B.lckgroW\d data. Good datol obtained. 

Good data obtained. 

Failure of second stale to ignite produced much 
less than normal altitude. \\ith consequent :055 

of most of the data. 

TABLE 6 HI SODll'~I rAPOR TR\IL :'IIEASt'RE"lE~TS 

Date Tin~e 

1962 

1 Jun Dusk 

J Jun Dusk 

19 Jun DIls ... 

~ Jul Dusk 

9 Jul Dawn 

Z3 Jul Dusk 

:::3 ";~l '1usk 

15 Oct DIsk. 

Hlvct DIsk 

20 Oct Da\T\ 

;;5 Oct Du,;j.; 

26 Oct 0.1'."11 

31 Oct Dusk 

1 :-Oov Dawn 

2 Nov Dawn 

2 ~O\" Dusk 

3 \; ,)\. Dusk 

" Sov Dawn 

Shot 

Star Fi~h 

SUI' Fi~h 

Ch"ck :\late 

Check :'.late 

Blue Gill 

Blue Gill 

King Fish 

King Fish 

Tight Rope 

Tight Rope 

Remarks 

Rocket or ?:l~'load failed. :-':0 data obUlln",d. 

Rocket or payload failed. ~o data. -:>btained. 

Good cl:1tol obtolined. 

Rocket second ~ta.ge iailed to 'gnlte. ~'J d:l:.a o:lt.:l::'.d:. 

Good ,'.au oht.:lincd. 

Rocket failed to rea~h programed altl:ud",. "Co .l.:'.:..:. Jbtai~.·:·' 

Rocket misfired. ~o data obtained. 

Flight c:l.nceied hecause of cloud coyer. 

Good data. obtained. 

Rocket second stAge failed to ignite. ~o data obtained. 

Good data obtolmeo. 

Good da'ia obtained. 

Guod data Obt;llncti. 

Rocket failed. :-':0 data obtained. 
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Figure 6.1 86-foot-diameter antenna, Johnston Island 
lDASA-:?S- 6191-62 photo) 
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Figure 6.2 DA:\I P ship. USAS American :"1ariner, 
(DASA-26-6744-62 photo) 
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Figure 6.4 Nike-Apache rockets with C-band beacon. payloads. 
(DASA-26-607S-62 photo) 
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Figure 6.5 Shipboard antenna pedestal with L-, C-, and X-band 
:lI1tennas. (DASA-26-6835-62 photo) 
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Figure S.9 Instrument array. Project SA.3. 
(DASA-28-598S ... S2 photo) 

.x 
Figure 6.10 Instrument array on base of pod. 
Project SB. (DASA-26-6246-62 photo) 
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Figure 6.12 Interior of DOD photo station. Johnston Island. 
(DASA-26-6656-62 photo) 
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Fl;ure 8.33 IrradLanee versus time, 4.8 to 5.5 microns, Shot Star Fish. 
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Figure 8.34 Blast instrument installation, Project 1.1. 
Also shOWI flywheel motor, tracking transponders and 
battery power supply. (DASA-28-5918-82 photo) 

Figure 6.35 Accelerometer installation. Project 1.1. 
(DASA-26-5963-62 photo) 
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Figure 6.36 Nike-Cajun rocket with falling sphere 
payload. (DASA-26-5981-62 photo) 
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Chapter 7 

SUMMARY 

OVerall, Operation Dominic was very successful in that the great majority of the 8clen
tWc objectives were achieved. In reviewing the operational. 10Cistic, and fiscal aspects 
of the operatioD. it i8 obvious, however, that considerable improvement can be made in 
an,v limilar future operation. Many of the problem are.s were recop1%ed at the time. 
but actIon for improvements could not be taken because of imposed time limitations. It 
Is interesting to note that a previous plan to execute a slmUar operation .tated that a 
minimum of 18 montbl would be required for the preparation phase. 

A major deficiency noted was the lack of early coordination between Headquarters 
DASA. WuhlnCton. D. C., and the Weaponl Effects and Test. Group (WET) at Sandia 
Base, New Mexico. This was basically due to the extremely comprelsed time schedule, 
not due to any lack of chaJmel. or to personalitie.. Early coordination 18 e.sential if 
the croup fieldlDl the DOD exper 1menta i. to underltand thoroUlhly the b •• lc ohJ ectiv.s 
of each program. This understandlna Is necessary for the bastl of decilionl made in 
the field concerninc each project. 

The Fiah Bowl program (eventl) and schedule I were chanced throupout the operatlon 
because of chanctnl technical requirements and operational interactions and difficulties. 
Such chances mUlt be expected in any future operation and allowances madE:) during the 
planning phases to allow fiex1bll1ty. 

7.1 ADMINISTRATION AND SUPPORT 

It is of primary importance that properly trained personnel are avallabls in a large 
operation such all Dominic. Auamlntation of WET by inadequately skilled personnel is 
extremely detrimental to the 000 in general. High standards for persl)DDel are essential 
if the 000 sCientific group is to maintain the respect of the national scientiflc communlty 
and successfully achieve the alligned mlssions • 

BecauJe of the late arrival of key personnel Oll augmentation, the administrative effort 
suffered in that organization, Job traiDlnl and orientation had to be accomplished rapidly 
before deployment. InsufflcLent time Wll8 avallable to smooth out standing operatlng pro
cedures (as indicated in the discussion in Chaptel' 2) for clasf,ifled document control, 
postal service •• orden, aDd pay and allowance •• ervlcel. 

Security problems were compllcated by penoMel arrlvincln the Pacific without proper 
clearances. Some personnel were not properly oriented on le"urLty. resulting in security 
violationa that could bave been avoided. Classificatlon of photol1'aphy remained a problem 
throughout the operatiou. beca1l8e all photographs were claas11lt.d Secret Restricted Data 
until reviewed by an authorized classification officer. Too few classlfication officers 
were aIsigned. resulting in voluminous 1ocumentation to control Secret Restrlcted Data 
photography. 

Public releases were centrally controlled during Operation Dom1D.ic, resultlng in Ul 
feeling on the part of governments in the Southern Conjugate Area. Planning in the future 
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mat provide for the timely furDiahJ.Dc of rlleaael to the vario~ sov.rnmlnt.. Althoulh 
tbJa w .. DOt tMir r •• poulb1l1ty, perlODDel of TV 8.1.3 wIre _pected to provide rlll.,el 
aDd to placate th'sov.rnmeDtl wheD releuee arrived late or from other thaD official 
lIOuroea. 

'1.2 OPERATIONS 

Tile tecIm1oa1 operlllioaa outer. CTOC'.) ••• ,bUshed.t Johaaton IalaDd ad Blckam 
An were .... Dt.lal to the luccel. of the oper.Uon. Future plana Ihowd contain detailed 
plau for TOC'. IDd ahowd provide for adequate communicatioDI. Th. Dom1llle TOC's 
were orlJ1nally oollCelved to be modeat lDliWlatioDs. but by necea.ity lOOD lI"ew iDto 
COlDpl_ cemer •• 

Great care should be .ercl.ed in the futur. to obta.lD abot-tim. locations. speeds. oour.... ....d',.... and alUtude. (aircraft) of aircraft aDd abip. particlpatiDa in the .01en
t11lc collection eUort. The procurement of thi. data waa dUflcwt in DoDliDic. in apUe of 
preeveDt requ.... Po.1UoDilll crit.ria for both Ihipa and aircraft mu.t be rea11atie and 
mat be thorouibl:1 coordinated between the technical and op .. aUoD&! persOlUlel. 

Or_ter car. Ihould be exerciled lD the lmall rock.t proll"&ID to lDaure cloler con
formity ~"th e.tablilhed wely criteria. Thi. will require better ltorace facUlt1e •• Iale 
aepuat10n di8taDOe. between lauDohera &Dc:l other faclUtl ••• and better manaplDlDt. Thia 
l •• t item ideally could be provided by utUlawc a IIqle acency to operate a IIDaU rocket 
cODtrol center. lupervi.e rock.t allembly. eto. 

Read.l.De •• rep.,t't1DI became more aUlfactor)' al commUDicatlou improved. If the 
.tatus of remote ltation. II to be couldered when event time n_rl~ rapid commWlications 
muat be availabl.. Simpl. voice Codel were uaed duriDC th. nih Bowl Serl •• , creatly 
aimplLlyiDC oper.don.. Or_tar uee of theae codes uould be conaidered in the future. 

Th. track.lq q.tem uaed by TV 8.1.3 wal extremely Ilow in producina ulable data. 
Redundancy eould b. provided In the system to insure obtainJ.ng position1Dg data. Com
puter procrama Ibould be written prtvr to deployment. In Dominic, the oTigLrtal concept 
ot data reduction lone after completion of the operation was quickly discarded. Data 
reductioD, especially in th. traclc.1q proJect, lU~3t be rapid to permit early evaluation of 
relults. The equipment u.ed iD Domin~c appeared aaUsfactory, but should be improved. 

Clear liDel of authority are Deeded in remote areas such a8 the SoutherD Conjup.te 
Area. CODtrolln that area was almo.t Donexistent due to lack of firm policies. Duties 
delepted to local project personnel mUlt be clearly understood. COD.ideratioD should 
be liveD to more formal relatloDlh1pa with other lovernments in ordu ~o prevent ill 
f .. llDp over relaUv.ly IIDIll matter.. This i. lmportaDt wherE creat inter .. t exists 
iD teat programl. Where poallible. early DOtificatioD of 1>-"OOlna test. to local covernment 
oalcW. I, delirable, aiona with description of the expected ... tslble effecta of the t88t •. 

Equipment Hat to remote locatioDI mUlt be thoroupty lMP1cte<l aDd repaired prior 
to r.hipmeDt. It 11 co.tly to alrlUt replacement equipment wheD :simple precautions can 
preveDt operatlne u.!lder pres.ure resultlDg Crom eqlllpmeDt malfunctions. 

l'articipaUQtI OD the AEC developmeDtal eveDtl CD Chriltmas I.land apln demon.trated 
the problem I of fleldina experimentl with unproven equipment. Thi. was lhoy'1l by the 
extreme probleml that developed with the Proj.)ct 7.3 aircraft, due to the rush to deploy 
to the teat area without proper preparation. 

AlthouCh comlDwUcatione were ultimateLY satisfactory dur1DC DomI.D.ic, they should be 
improve<llll any future operation znd ahould be phased 1D larUer in the preparation perIod. 
The use of makeshift systems i8 to be discouraged because of low rellabUlty. 
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7.3 SPECIAL INTEREST AREAS 

Th. poda .. Uled for inltrument carrlerl! in DomlDlc were marllnal In performanc •• 
StabilizaUoD wu unlaUlfactory. relulUaclD much 10.t data. No pod .ystem abould be 
could_eel for ual III • future operation without oomp,.te te.t1q. te IIlclude I.Ulfactory 
lutrumented telt fliP". It il apparent from Dom1lllc experlncl that lDltrumeDted 
poda UI praotlcabll and that thlf CaD be UHd to collect dew. Dot otbel'WIH obtaiaabl •• 

RICh-performance alrcraft can be mod.1fled to .erle a. excellent m.uumeat platforml. 
if aaCUDc poalUoDiDl t. DOt required. Tb. abillty to fly ovlr IXilUuc hlch ::loud layerl 
wu of creat blnefit to the optloal prOll'am.. KodlflcaUOD of modern atr •••• d-akin air
craft i •• complex eactDeeri.n& job, and adequate time mUlt be prOl1'amed for such modi
flcatlon 1f premlum time ratel are to be avoided by cODtractora. 

7.4 SCIENTIFIC ACTIvrry 

The experimentl nelded In the Fish Bowl Serlel. in particular, and Operation Dom1nic, 
In general, were very IUcc ... ful. lD Iplle of the lI'eat distancel lnvolved &Del the lome
time. marl1D1l communlcatlollS. the various project I were able to measure the effectl aa 
prop'amed. The lI'e.&8st lOll of data wal In thai. project. depeDdiDi on pod performanoe. 
The •• projects were able to Mflll lome objectlv •• , but clld not in all cue. obtain accept
able reault •• 

For detaUed .cieDUAe re.ult., the reader i. referred to the qu.lck-look reportl 
published by Joint Task Force EIGHT and by the DASA Data CeDter. Santa Barbara, 
Callforniao and the POR' I publl.hed by DASA (AppeDdlx A). 
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LJI.;" OF PRO.JECT OFFICERS REPORTS 

Project 
Nwober Title 

OPERA nON DOMINIC. SHOT SWORD nsH 

1.1 

l.2 

1.3& 

1.3b 

2.1 

3.1 

9.1 

Underwawr Pr ... r .. (NOL) 

Sur~c. PbenomtDa (NOL) 

Effects of Underwatu Nuclear Explolion. Oft Sonar Sy.taml 
It Clo.e RaDle (NEL) 

Effects of an Underwater Nuclear Explo.iOD OD Hydroaccultic 
Sy.tem. (NEL) 

Rad1olOl1cal Effects from UI l'n .... rwatlr }t.·'lClear Expl0.1on INRDL) 

StauU .. of Shock Mottonl of Hull and EqWpmen~ (DTMB) 

Ship Damale A ..... m .... and Tec:m1cal 9'.apport of TIlt 
El.lDlIDts IB\ISh1PI) 

Scientific Director'e SWDmary Report IDTMB) 

OPERA TION OOMOO(,. FISH BOWL SERIES 

1.1 Blast M_lUrern.en~ Ilt VariOl1. Di.tancel from Hllh-Altitude 
Nlocl_r DetollaUon. (BRL) 

1.2 Shock !"hotol(t'aPby (NOL) 

2.1 External Neutron Fiwe ~ ... urements (NDL) 

2.2 (,.,. .. mll:1a RadiaUon M_'Ul".meD~ (NDL) 

2.3 Alpha ContaminatioD Mooitorlng (NDL) 

6.1 Firebt.ll Attenuation (ELRDA/AFSWC) 

8.2 Gamma-Ray SCIUWDg of Dehr!1 Cloud (BRI·) 

6.3 D-RectOD Pblatcal Chem11try (BRL) 

6.4 E- and F-Regton Phy.ical Cheml.try IAFCIoL) 

8.5a lOIlo.ph.ric Soundln,. and Map.tie M.aur,mlnte (AreRL) 

a.Sb Ionotpber1c M_lUr.,n~enta 1D ~tlltilrD Con,upte Area (UTI 

6.:ic Vent.:.l [c.noe\lheric Soundin& Ma..l:l.lremente (NBSCRPLI 

6.3d EUecta a! Thermonuclear Radl.tion on the Ionosphere IRPAI 

1.5e Mqnet1c MeuuremeDta (SRDt.) 

6.6 Lone-Term Debri. Hietory (GCA) 

6.7 Debrt. E~an.ioll ElqI,r1ment (A FSWC) 
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POR (WT)' 
Number 

1000 

2001 

2002 

1001 

2011'& 

1005 

2006 

2007 

2010 

2011 

2012 

2013 

2052 

2015 

2017 

2018 

201~ 

2020 

2021 

202l! 

2023 

2024 

2025 

2026 



P1'oJIIC& 
N1&IDber Title -
I.' RtOlll.ter )h .. ure~_\8 (A rCRL) 

••• Radllr Cluttu M.nHIDent. (SRI) 

'.10 RlP-AIUtude Nuclear c.taDatiOIl Effect. OIl lODoapblrtc 
Pl'opelti •• (AFCJU.) 

1.11 HI' ComaalDtcaUala bpel'tlll_t (SROL) 

'.12 ........ MlU. Packq .. (4.FCRL) 

1.13 RF MealllU'ema\8 u'! Optical Meanremea\8 (AMCD) 

7.2 Raclotr8ll'lftcy Radtometr'J (MITLL) 

7." CoDUDU1catloll. PropaptlOll Im'ntiptlOll ~pm_t (ABO) 

IA.I HiP-Altitude N\lClar 0eu.at10D OpUcal-lDfnred EUec\8 tAFCRL) 

SA.a Optical Phaomaolou of Rip-Altitude Nuclear DetoDatioa. (EG.G) 

1A.3 Itrutual lleepoue to n.rmal RadiatlOD. from Hilh-AIUtude 
"irlbal! tABD) 

IS N\.cl .. r Weapoe X-Ray EUec\8 .. Meuured by Pu.ive 
InItrum-.tII (AFSWC) 

8C R--tl7 VeIlltle Te.a (AI'SWC). POIR II cOl'l.ldered fiu.1. 

9.1& Atmoepberlc Propertle. (ArCRL) 

t.lb 1000000erlc Wind MeuurlmlDti (AreRL) 

t .• Pod ud R.covery UDJt Fabrtcatioa (AFSWC) 

•. 8 TrackinG and Po.1Uonlnc (Cu.bic) 

uPERATION DOMINIC. CHRISTMAS AND nsH BOWL SERIES 

.... 1 Procll&ctiOil of ChorioreUnal BIml. by Nuclear lJetonat1Qn. and 
Te.ta of Protective Device. an..! PhototropiC Materiall (AFSAM) 

7.1 Eleetromapet1c Slpal, UDderwater M.luremea.\8 (KN) 

OPl:::RA TION DOMINIC. CHRISTMAS SERIES 

.... 2 

7.3 

Photoelectric and PsychophYllcal MealUrel of Nuclear Weapone 
Flub.e. (NADe) 

Microwave AtWIluatiOll 0... to Nuclear Burlt (ELRDA) 

., .5 Thermal RadiatfOD from Air Burlt Nuclear W_pou IDc1de1lt 
011. Low-Altitude Aircraft (ABD). Publ1lbed., ASD-TDR-62-
823; ava1l&bl. from Defen •• ~elltaUoa. CeJl.ter (formerly 
ASTIA). Ar11qtoll. Hall, ArllqtoD 12, Virpua 
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2043 

Operation Domlnic: OrpnlzaUOJI&l. Operational, Funding. and Loriltic Sununary 2053 
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Appendix B 

MAPS OF PAClnC ISLANDS 
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APIJENOIX C TYFICAL WEATHER SOt"!llD1:-;G SCH£DULE 

IS JWle 1962 

Sm;;:" Fisb RA"WtNSONOE fond PlRALL Schedule 
Rel ... e Time 

D-DAY: 0100 

0700 

1300 

1600 

16016 

1730 

lSl!! 

1900 

1940 

2045 

2110 

2140 

2210 

2225 

0 ... 1 DAY: 
0100 

0400 

0445 

0530 

0700 

1000 

Type of Release 

RAWINSONDE sounding. 

RAWINSONDE IOWIding. 

RAWlNSONDE sounding. 

RA\VlNSONOE sounding with double-theodolite trackout. 

Double-theodolite PIBALL lIowuiinC. 

I:IcNble-theodoUte PlBALL sounding. 

~ble-theodoUte PIBALL lIOWld1nl. 

RAWINSONDE sounding with double-theodolite trackout. 

Double-theodolite PlBALL IIOWldiac. 

Double-theodolite PlBALL lounding. 

DoIlble·theodoUte PIBALL SOQD.d1n&:. 
Double-theodolite PlBALL sounding. 

RAWINSONDE sounding with double-theodolite trackout. 

Weather .scatton evacuated. 

RAWD:SmmE sounding with double-theodolite trackout. 

RA WlNSONDE lounding with double-theodolite trackout. 

Double-theodolite PtBALL aoundina:. 

Double-theodolite PlBALL lIounding 

RAvnNSONOE sounding with double-theodolite trackout. 

RAWll'SONDE sounding. 

End of Special Star Fllh meteorological soundings. 
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Appendix D 

SHIP POSITION DATA 
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TABLE 0.1 SHIP PARTICIPATION 

Pba .. I Pha .. O 
Statton Sh1l! StaUOD Shl2 

5-1 USB Qak HU! (1JID-7) 8-1 usa Summlt County (LST-1148) 
8-2 tJS8 Fort MarIOD (LSD-22) 8-2 USS Henry COWIty (LST-824) 
8-3 U'SI Polk COUDty (UT-1O.4) 8-3 USNS Harrt. County IT-LST-822) 
S-4 USNI PoiDt Barrow (T-AKD-l) S-4 USNS PoiDt Barrow IT-AKD-l) 
8-1 USS Taylor (DD£-468) 8-1 USS Takelma (ATF-113) 
DAMP UIAS American Mariner 5-6 usa H .... y.m.pa lAO-US) 

K/V Acu1a 8-1 usa Hitcb!U (ATF-103) 
sa MaWl& Tele S-8 USNS Petrarca (T-AK-250) 

DAMP USAS AmerlclUl MarLner 
iii/V AclUlia 
SS HUof\aa 
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TAlILE D.I SHIP POemON DATA, SHOT STAR FISH 

Shot Data: Date ami Time: 9 Jllly 1962, 090009.0290 (Zlllu); Yield: 1.16 Mt Latitude N 16° 28' 01.32"; 
LoiIFtude W 16r H' 48.21"; Altitude. 400.09 laD, 1.312.639 feet. 

JOilllltOD IalaDd. (Poillt olohD): Latitude N IS- f.4' 03.3"; Lonlltude W 16ge 31' 41.48" • 

Statioa 

8-1 

8-2 

8-S 

8-4 

S-. 
DAMP 

H-Hour Poemou olohDaton leland 
Sb1p • Latitude LoQfltude Rup B,arty 

North Weet IuD "Tru. km 

OM BUl 10- 214.1' I'n" 2&5' 735 

Fort Marloa 18" 57.5' 169'" 06.5' 253 

Polk CClQDty n" 57' 16"· 2'" 566 

PoiDt Barrow 1 .. ,3' l1r 12' 219 

Taylor 2:1" 33.6' 1" 10' He) 

Americu MulAer 19" 52." 10" 58.5' 357 

lJDe-c,f-Slpt &Del Bunt Point Data: 
M1muth from Doi1b 
ElevaUoa UCle with refractloll correcUon 
Elevation ucle without refraction correctlOll. 
SlaDt ranp 
Slant rap 

RIV Po.mon: 
X (miDu.) 
Y (mUlU'1 
Z (plue) 

IH.' 

010 

078 

2TS 

001.8 

009.5 

200- n' 28.1"" 
85° 14' 12.37" 
85" 14' 07.91" 
1,316,90'.5 feet 
'01,314 .etare 

'704 

285 

581 

283 

1'76 

390 

37.933 '* 132 feet 
102,594 .. 132 feet 
l,S12"tlO'. 50 feet 

Shot 

• H-bol,;t" poeltion for MI V AClUll. In the So..lthe:· 4 Conjugate Area: Latitude S 15° J5.2' 
Longitude W 175' 40.3' 
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Searlnf; 
°True 

191.6 

Oll 

0'7S.5 

2'79.3 

008." 

OiO 



22r---~----~----~-----r-1--~~--~----~--~ 

~ ,.,e:: 1 

1 
2~--~----~----~-----r----~----~----+---~ 

I I 
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FlJW'e 0.1 Sbip array, Sbot Star Flsb . 
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TABLE 0.3 SHIP POIrI'ION DATA, SHar CHECK MATE 

Shot Data: Dace &lid Time: 2Q..October 1912, 083000.003 (ZuJut LaUtude N Ie" 0"" 20.57"; 
Loqitude W 119" H' 3&.95"; 

,",owtoD lalaDd (Point Jou): LaUtude N 18" ,"' 03.3"; Loacttude W 119" 31' ~.W~. 
H-Hour POllUona JolmBtoD I.land 

StattOD Ship· Latitude Loqitude )laDfII BeartDI 
Hon.b We. km "True 

1-1 AuIuD1t~ lrH' 170'" 19' Not computed 

8-t Hemy COUDty 11" 05.0' 171" 01.5' Net computed 

8-a Barrt. COUDCY 15" ai' 1"" 23.3' Not computed 

1-4 PoiDt Barrow 1'7" 3" 189" 21' Not OOmputH 

S-O Takelma U" 20.1' lea" 32 •• ' Not computed 

s-e HUM,)'ampa 17" 33.1' 111" III' Not computed 

1-7 Bltchl.U 19- a4.I' 11,. 00." Not computed 

1-1 Petrarca 17" 11' 170'" te' Not comp.:ted 

DAMP AmarlclJI Mariner IS" 21' 119" 11.2' Not CODlpllted 

• H-bour poBitioD for M/V ACula i.D the Southerll CODjupte Area: Latitude S 12" 27' 
Lonrltude W 174" 58' 
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TABLE D.' "HIP PQlmOM DATA, IBOT BLUE GIl.L 

IIbo& Data: Date &Del Tim.; 2(1, October 1912. 095948 •• 7U (ZwWL oLaUtudi N 16" 2" 57.03"; 
LoDCitud. W I'" at' 11.115"; 

JobutOD 1.lud (PolD, .1.,: Latitude N lee ,,' 03.3"; LoDfltllde W 119" 31' 41.U". 
H~HOUI' POllUou JOhutOD 1.1&Dd 

St&Uoa Shlp" LaUtude Loaptude RaDp BearlDJ 
Horth W •• , laD "Tru. 

8~1 Summit COUDty 1 .. 12.SI' 18.40.20' 80.11 191 

1-2 Heary CowBJ 1"12.11' 18,. 3'7.45' 18.80 190 

1-3 Harrl. COWl'" ... 10.'" 18,. '1.00' .... 30 191.3 

8-4 PolDt Barrow 1" 09.SO' 18 .. n.II' ".10 118.'7 ... Takelma 20- 41." I. ".0' .. ., 010.0 

8-. Huuyampa IS" 43' 18'7" U.O' 321 038 

8-'7 Hltcb.1U 18" 17' 189* 01.1' 211 010 

... 1 Petrarca 19"13' 170" SO' 314 MO.I 

DAMP Amarican MarlDer 1'7" 41' 189" 21' 135 010 

• H-hour polaloD for M!V Acan1a ill the Southern CODjupte Area: Latitude S 13" 01' 
Longitude W 175" 
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TABLE D.I IBIP POIlTIC»I'DATA, lBOI' KINO nIB 

Ibot Da&&: Date .. Tlme: 1. t!Io .. mber Itt2, 121006.12S3 lZlIlu)o Latitude N IS" OS' 48.81"; 
LoDcitucle W 189" 41' H.02"; 

JobutoD lalud (PolD,&Joblu:' Latitude N 1"~ 01.3"; I..oqltudIJ W 18. 31' 41.'!..~ 
H-BolU' P~ltiou J'olbnAton Ialand 

StaUOD. Ship • Latit.ud. l..oyttude B.a.ap BearIDl 

• 8-1 IIIumD1t Coat)" 

.8-a BEl'J COWII;J 

8-1 Barrll Couat7 
.8-4 Po1D& Barrow 

. 1-. TlbhDa 

W B....,..,. 
. B-'1 Bltoblti 

.8-, Petrarca 

DAMP Am.rlcu MulDer 

Norib • W •• , m. "True 
J.f. ~ 5. ... J 

15"'" 1'" .. ltl.41 IN 

lr tt' 

IS" 2'1.1' 

IS" SJ.a' 
so- oa.'lI' 
21" 11' 

18" I" 
1r 40' 

1'1" 31' 

1!5. 31.6' 

189" 41.1' 

18.41 •• ' 

1'" 42.31' 

IW 31' 

18. 08.'1' 

1 '12'" 10' 

189" 21' 

'.a'1 002 

143.0 18'1 

134.':'1 191 

Hot oomputed 

Not OOmp,lted 

Not COmp,lteci 

Not computed 

Not computGd 

• 8-bour POlilioD for M/V Ac&lUa l.I1 the Soul:herD Conjup'e Area: Latitude S 12'" 08' 
Lonc1tude W 1'14" 50' 
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TABLE 1).1 LOCATIONS 01' SHlPI AnD SS.'lI' KING nas 
Daw: 1 Novembu 19.2 W. Rup aDd burlnl were computed. trom Ih<Jt 
Il"OWIIi aero. 
StaUOD Time R&Dp Bearillc LaUtucte Loq1tucM 

W IuD "True North Welt 

8-1 0100 20T 200 U· 0,' 1'10- 09' 
1200 218 193 If" 2i' 1'700 oa' 
lOGO 13'7.3 190 1. f" nO'" 3.1' 

!-2 0100 H.a 33'1' 18-Sf' 1'700 01.1·' 
1900 23' 299.0 1'7" 09' 1 '1'1" 38.6' 

8-1 No llIDlflcut cbupl .ubeequellt to S·bour before 
returnlq to Jolmetoa IIIaDd. 

8-4 0100 101.93 142 11° 2f' liP ot' 
1200 113.83 121 11" 18' 118" 31' 
2000 218.8 11. 1 .. 01' 11'7° Ie' 

8·1 No 11p1ftCUt chaDp from H-bour throuch lHCoad twllilbt. 

s.:. 0800 Hf.9 10.S 20" Sf' 1 ... fll' 
1200 1I'14.S 12 21" 08' 1 ... 31' 
2000 1118.11 10 21" 16' 168"'" 

S-7 No liplllcant cbaqe from H-hour throup lecoad twlllpto 

S·8 0800 3112 283 18" 50' 172" 52' 
1200 354 2'1'9 18" 3'7' 172" 5S' 
2000 430 280 18· f9' 173" 37' 

DAMP Ship remained at H-bour politioo. 
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TABLE D 7 SHIP POImON DATA. SHOT TIGHT ROPE 

Shot Data: Data aDd Time: 40 Nov,mber 1962, 073000.0678 (Zulu); LaUtud, N 16" 42' 26.71"; 
Loac1tude WI ... 12' 12 .... •• 

JohDatoD I,l&Dd (PolDt JobD): LaUtud. N 11" 44' 03.3"; LoDl1tude W 169" 31' 401.48". 
H-Hour PO,lUOD' JO!metoD leland 

Station Sh1p • Latitude Lobjfltude Ray. BeariDi 
North Weet km "True 

5-1 8umm1t Count.J 1" ",,' 21" lie- 31' 403" 0.4093 359 

8-2 Heary COIUlt)' 16" 41' 402" 169" 30' 3a" 7.0 011 

8-3 Rarrl, COlUlty 16" '", 30" lar 31' 35" 0.72 017 

5-40 PoiDt Barrow 1 .. 48' 31" 1ar 29' ,2" 9.1 023 

8-0 Old not puUclpate 1D Shot TlpC Rope 

S-8 Ha •• a,yampa 18· 3C1' 18r 10' 1:;0.4 010 

s·, RItch!U H" 38,,' 18r 22' 100.5 010 

5-8 Petrarca 16""' 170" 27' 100 280 

DAMP Amerlcan MarlDer 16" 49' 169" 30' 31" 9.4 013 

• H-hour politton for. M!V AclDia lD the SoutherD ConjUgate Area: I.aUtude S 1:r 
Longitude W 175" 
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TABLE D.S LOCATIONS OF smps AFTER SHOT BLUE GILL 

.Rup aDd bearlal were computed frOm .ot Il'ound zero. 
StaUOft. S-S thro~ 8-8 aDd DAMP .h.li!: remained at H-bour po.1Uoll. 

"Uoa Time Rup BeariDC LaUtude Loa&1tude 

w Itm °True North We. 
5-1 21 OctoI»r 1 H2 W 

0800 124 195 15· 20.8' 189- 54.5' 
1200 114 ISS 15· 24' 189" 42.7' 
2000 120 198 15° 22.4' 189- 55.0' 

27 October 1962 W 
0800 128.5 193 15° 18.5' 169" 52' 
1200 lletllr1led to Joimlton l.laad. anchor .... 

8-2 21 October 1M2 W 
0800 2S 197 18° 10.8' 189- 40.8' 
1200 24 173 18" 12.1' 11'9" 34.2' 
2000 Z3 183 111'" 1".8' 189- 36.6' 

2'1 October 1982 W 
0800 25.5 181 18° 11.1' 189- 38.1' 

8-3 28 Octo',",r 1982 W 
08G'J 102 084 18" 31' 188° 38' 
IIGO 134 018 16" 40' 188" 22' 
201)0 107 080 18- 36.5' 188" 38.1' 

27 October 1912 W 
0800 98 on 1'" 38' 168" 43.5' 
1100 137 D'S 18" 38.7' 119- 20.1' 
2000 Retuned co JoIm.tOD 1.1a.Dd anchor .... 

8-4 26 October 1962 W 
0800 103.5 302 16" 55' 170· 25' 
1200 107 305 16° 58' t70· 25' 
2000 92 295 ISO 46' 170· 23' 

27 October 1962 W 
0800 35 294 16· 43' 1 '10· 21l' 

1200 70 230 16· 00' 170· 07' 
2000 81 005 I"· OS' IG9· 34' 

TABLE 0.9 LOCATIONS OF SHlPS AFTER SHOT TIGHT ROPE 

Date: "November 1982 W. Range 1J1d bearl.J1l were computed from abot 
II'OWtd ..,,0-
St.aUOIlI 8-1 throup 8-4 aDd 8-7: "fo .1p1!lcant p..lltloD ella ..... throup 
MCOoc! tw1l1Pt. StaUOD 8-5 did not participate ill Shot Tli'ht Rope. Station 
DAMP.h.lpr.~Uwd.tH-_h_~~_PO_'_lU_O_~ _______________________ __ 

StaUon Time RMp DeuL1c Latitude Lolllltude 
W /em 

s-t 0800 209.4 
1200 207,' 
2000 218,7 

S-8 0800 92.7 
121)0 105.6 
2000 128 

"True 

004 
009 
011 

287 
282 
293 

238 

North Weat 

18° 33' 169" 25' 
l,.U' 119- 15' 
18" 36' US· 55' 

16° 58' 170· 22' 
16° 55' 170· 30' 
17° 10' 170· 37' 
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APPENDIX F SMALL-ROCKET LAt~CH DATA 

TABLE F.1 S!'.tALL-ROCKET LAt:~CH OAT.", SHOT 5T AR FISH 

Rockets launched from Johnston Island (total: 27). All data based on ~reshot planninl and t.'1erefore approximat~. 

Time of Pad Project Rocket A;r;imuth 
Last Stage 

Type of 
Launcb No. to Type TNe 

Elevation Apo,ee Impact 
Measurement 

Point 
dec de, nauti mt 

H-2'/4 br 21 9.1 Nike-Cajun ISS 85 74 33 M.ut mi Wind5 with ~a "apor 
H-30 min 20 9.1 Nike-CajW'l 155 85 74 33 Mut mi WInds with ~a \'apor 
H-600 see 19 6.4 .favelin 90 83 270 lS.-48"N, X". beta- and gamma-

162A8'W rays. ioni;r;a tion 
H-510 lee 25 6.7 XM 33 19& 76 555 0.3' 5, Mapetic field IUld 

172.S' W clet:.r1s expansion 
H -500 sec 1 6.; XM 33 10 85 715 24.-4·~. MalDetic field and 

lS9.6°W debris expansion 

H-280 lee 2 S.7 XM 33 10 85 715 24.4'N. Mapetic field and 
169.S' W debril expansion 

H-20S lee 14 SJ~ 152 Nike-Apache 195 88 93 18 nallt ml X-ny 
H-201 see 10 SJI 152 Nike-Apache 195 88 8S 17 Mut mi X- and beta-raYI 

I 
H-200 lee 7 SJllll Nike-Apache 195 88 86 17 naut mi X-ray, radiocbemical 

sampler 
H-199 lee 9 5JI IS 1 Nike-Apache 195 88 86 17 naut mi X-ray, radio~hemical 

sampler 

H-19S lee 8 SJl ll2 Xike-Apache 195 88 86 17 'lULut mi X-ray, radiochemi.:al 
sampler 

i 
H-160 lee 2-l 6.7 x)t 33 198 S3 3.S'X. Mapetic field and 

17:;!.2°W debris s)\:panslOn 
H-HO sec 23 6.:- XM 33 198 7S 555 0.3'5, ~agnetic field and 

172.6·W debris expansion 
H-132.5 sec 13 SJS 151 ~ike-Apache 195 ~S.5 95 33 naut mi Radioe h em ieal 

sampler 
H -9(\ sec 6 6.3 Hon~st "; ,r,n- 120 ~5 4B 15 naut mi X-. beta-. and gamma-

Sike rays. ioni;r;atlon 

H-60 sec 16 6.3 "'ike-Cajun 90 ~5 6-4 ?9 naut mi ~ass spectrometry 
H - 220 sec 3 6.13 Speedball 10 & .. 124 ~~ naut mi Radar jitter 
H - 420 sec 18 6.3 Honest John- 90 65 48 15 naut ml X-. bet:l-. anct gamma-

Sike raYIii. ionization 
H'" 420 sec 22 S .... Javelin 120 SO 237 11.47·~ . X-. beta-. and ~amn:a-

161.3S·W rays, ioniz-alion 

H'" 480 sec 15 6.3 Slke-CajW'l 00 85 64 29 Mut m1 Mass spectrometry 

H + 710 see 26 S.13 Speedball 190 82 124 98 naut ml Radar jitter 
H'" 960 lec 17 6.4 JaveUn 90 83 270 lS.4S·N, X-. beta-. and gamma-

~ 162 .J o W rays. ionization 
" H - 1.200 5 6.2 Javelin 15 sc: H5 27.09°:-;' . Gamma- anu ::'eta-, 

see 167.9'W photometry 
~ 

~ 
H+ 1,8S0 7 6.13 Speedball ISO 82 121 98 naut mt Radar jitter 

sec 
H·2,-4(IO 4 6.2 Javelin 15 80 345 27.09°:-;' , Gamma- and beta-

sec 1679"W ph·.,~ometry 

H'" 3,540 11 SJS 152 Nike-Apache 195 66.5 95.4 33 naut ml Radiocnemlcal sampler 
sec 

05-49. 0- 1 21 91 Nike-Cajun 155 85 74 33 naut ITli Winds with :-;'a \'apor 
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Appendix G 

TECHNICAL OPERATIONS REPORTING PROCEDURES 

TEST DIRECTOR 
MEMORANDUM 2-11 

HEADQUARTEM TASK UNIT 8.1.3 (FORWARD) 
nELD COMMAND, DEFENSE ATOMIC SUPPORT AGENCY 

APO lOS, San Fruehlco, CaUfonUa 

30 September 1982 

TECHSlCAL OPERATIONS REPORTING PROCEDURES 

1. General. The Teclm1cal Operationl Center (TOC) OD Jobutol!. lllaDd II the DOD Scientific Taek 
Unit HeadQ\i&nan (CTU 8.1.3). AU.eientitle project ltatul reporu ar. received ud evaluated In the TOC. 
Becau .. of thl many remote locationa lDvolved, a repol11Dl' proc.wre wblch will provide the required 
r.lartty. ep.ed. and economy of eUort II needed by the Talk Unit aDd CODunander 1a. order to evaluate the 
.tatu of a"lIned project •. 

2. Purpole. nil mlmorucl&m lI.bUIb •• awde lin •• for thl ImplemfttaUoD of thll reportiq 
proceQin. Thl SeI_Uflc ReporUDC NIlWOl'k aDd the SUNSHINE R..,artiDI SYlltem are thl meu. whereby 
each project can ma1a.tain quick, direct. and IlIlcla •• ltled communication with itl Talk Element Commander. 

3. .-\ppl1cabiUty and Implementation. The reporting proclcl&rel al'l applicable to all Iclentillc projects 
of \hil Taak l'nit. They are effective immediately. 

4. TU 8.1.3 Scientific Reporting Setwork. The Scientific Reporting Network wi!l consilt of thre.: 
separate and distinct loopl. One loop compri ... the northern and weltern PaCific stations. the second 
loop encompa •• el the llouthern Pacific .tattons. and the third loop will lIerve the immediate Johnston 
Iliand area. 

a. The northern and weltern loop. wUl consist of the following stationa and associated projectl: 

LOCATION 

Adak 

Fa1rbank. 

Hawaii 

Kwajalein 

Ma~1 

Midway 

oahu 

Olullawa 

Palo Alto 

Wake 

8.5d 

1.11 

PROJECTS 

8.5a, 6.5e, 8.7. 8.n, 7.4. SA.2 

1.5a, 1.5d, 8.11 

8.5d. 8.11. 7.4 

6.5c, 8.10. M.l, 9.5a 

1.5a, 6.k. 8.8,1.10. 8.11, 7.4 

1.1, 4.1. 6.7, 68. 6.10, 6.11, 
1.4, SA.l. SA .2. 9.3. 9.5a 

6.5a. IUd, 6.11 

6.5d, 6.11 

6.5&, 6.S. 6.11, 7.4 

250 



'" '.: , 
~ 
B • ~ 

a 

ProJecta of th1a loop will report to the TU 8.1.3 HIckam Alr Force Baae Headquarten. Tho .. projectl 
located wtthiD th. State 01 Hawaii will report CJVer maUDe commercial laciUti •• provided by the Honolulu 
Office of Holme. and Narver. Inc. Ttle projechl OlIo Okinawa will uUlile the facUltiel of <Jne 01 the three 
IILllttary cOIlUDUDicatiou CIIDt.rl there (cee Atr Forc. ud oa.. Navy clDter at Naha AFB; ooe Air Force 
cater at Kadna ArB). Project. located CD Midway. Wake. KwaJaleiD. and at Adak ~!ll utilize the 
fac111U8I of the ex1.tlq mUltary commUD1caUoD CeDten at eacb eite. The 8.11 Ilte at Fairbanka and the 
'.lid ud '.11 .tt •• at Palo Alta wU1 chuul dletr reportl over the '.11 HF radio Detwork to one of their 
'.11 HawaUan ltaUon. for retraDlmlaatoa to til. TV 1.1.3 Hickam ArB H_dquarten. The Officer-In
Cbarre. Talk ElemlDt 8.1.3.2. will waluate all of th.a. reportl. IUJlUDartze them. and then .end a brief 
aaalyati to COmmaDder. TU 8.1.3 CD JoJmatoD laland. 

b. The aouthel'D Pacific loop will con.l,t of the following atationa and .. Iodated proJectl: 

LOCATION PROJECTS 

Aircraft from Samoa 6.9 

Aircraft from ~aDd1 •• 10 

AcaDia 

Canton 

PalmJft 

Rarotoap 

TonpcatN 

'!'utllila 

Viti L.vu 

Cbrtatmaa 

••••••• 
'.lia. '.5c, '.8, '.11. ?4 

8.lia. '.8 '1.2 

8 .•• '.11 

8.lib. 8.:'c ••.•••. " IA.!. 8.5a 

'.5a. 8.5b, 8.lie. 6.5e ••.•• 6.8. 
8.11. lA.a, 7.4 

8.8. '.10. 8.11. &A.a, 7.4 

8.8 

The projlt'hliocatad on CanlOn. Palmyra. Tonptabu. &nd Viti Levu will report to the Officer-tn-Charge, 
Tuk Element 8.1.34 at TutuUa over the eatablished AN/ORC-26D radiol operated by Army Communications 
Teama. The remaininl projecta of the lIouthern Pacific loop will Ilt1l1ze radios inherent to their scientific 
equipment. Net control will be exerciaed at TUlUila. The TU 8.1.3 South Conjugate CoordinaUons OfficeI' 
\OJC TE 8 1.3.~) hal the responsibility (or receivinl. evaluaUnt, &nd S\lmmllrizinl these reportl and 
retra.nlmittiDI a brtef analy.il to CTU 8.1.3 011 John.toa Ialand. 

c. The Johnllton Island area loop will conaillt of the (ollowinilstations and alllociated projects: 

LOCATION PROJECTS 

Alr Array: 
A-l lA.l. aA.2 

A-Z SA.l. 1A.2 

A-3 6.9 

1.-4 8.9 

A-5 thru A-9 ".1 

A-l0 ibN A-12 ? .. 

Sb!p Array: 
8-1 6.1a, 6.6, e.8 . 9.1b 

8-2 6.1a. e.6, e.s, 9.1b 

S-3 6.1a. 6.8 

8-4 1.1. 6.11. 6.6. 6.8. 9.1b 

5-5 thru 5-8 6.Sa, 8.8 

251 



DAMP Ship 6.8. 6.13 

Johnston 1.1. 2.1. 2.2. 6.1a. 6.1c, 6.2 ••. 1. 8.3, 
6.4. 6.5a, 8.3d, 8.8, 6.7, 8.8, 6.9, 8.13, 
7.2,7.4. SA.1, 1A.2, M.3, RB, 9.1a, 
9.lb. 9.4b, 9.5a, 96 

French Frigate 8.5c. 8.8, 8.8 
Shoals (Tim) 

(1) Shipboar~ <;Iroject. will report over &hip-to-shore radio net directly to CTU 8.1.3 on Johneton 
leland; French Fripte Shoal. t. included on thi. r:et. 

(2) Project. aboard aircraft will report via the control aircraft (ABUSIVE), who In turn Will 

report to the JohutoD Island JCP. The TU 8.1.3 reJil'esentative in the JCP will pul 1niormation to the TOC 
via hot liDe. 

(3) Projecta on Johnlton Isla:ld Will report ~v.r the ieland hard-wire commwlications system. 

(4) This proposed breakdown of the TU 8.1.3 Scientific ReporUnl Net provide. the optimum In 
apeed and reliability. CommUDicaUonl centers bave been noU1led to expect mel ... e r~U1remente from the 
projects co-loclted with them. These centers can lend and receiv~ both claslified and UDclan1fled traffic. 

5. St"'SSHINE Reporting System. 

a. Each project of TU 8.1.3 wtll be requJred ~ pve periodic reporta to cre 8.1.3 on JohutoD 
liland concemiDl the ltatul of ita particular Icientific effc.rt. Such report .. ue of extreme nec.ldty to 
the Commander in order for him to make qll1ck. intelligent. and knowledleable deciSions concenuq the 
ove",l1 Task Unit'. readinell to achieve the Icientific objective of Operation FISHBOWL. To facilitate 
the tran!mlilion, handling, receipt. analysis. and comparilon of these repon. from many projects, thi' 
memorandlom describe. a UDlform procedure to be followed by all agenci •• of TaIJk Unit 8.1.3 usiftl the 
.dentinc rllXo \"t1q net. 

b. ."1.11 op'!raUonal readiness rep\lrtl from each project are hereby desipated SUNSHINE Reporta. 
These reports will be tranemitted to CTU 8.1.3 Johnston Island as directed by the appropriate Taak Element 
Commander. Initial complete report will be ill&bmitted at times filter center communications are establishea 
with changes submitt,!d &II they occur and When requested by CTU 8.1.3. At H minus 6 hours reporte will 
be submltted h('Urly indicau.!'!g cllange in status. if no change occurs negative reports will be submitted. 

c. All SU~SHINE reports Inn consist of four items. Item One will be the phrase SU~SHINE. Itetn 
Two will be the project number. Item Three will be the project status, using the reporting code outlined 
in paragraph 5d. Item Feur. if needed. will be any neceasar / clarification of the report. ·n.!~'SHD:E Reports 
wUl be UNCLASSIFIED in their entirety. Any necessuy classified information will be tran'lmitted via 
separate message. 

d. To utilize the SUNSH~E Reporting System. the follOWing code will be used to de~lcribe eacb 
project's degree of readinees (item Three of the report~: 

(1) Stems ALPHA. Project comphtely ready. Thil ,tatus rept'Jrt indicates that the statton 
anticipates excellent results should the test occur at the schf'dilled time. 

(2) Stams BRA. VO. EqUipment and pe~'l'!jilI\el in rad1Il.us, but local weather ~onditione wUl 
degenerate the rewlta of this exp.rimeDt appr(;!dmately 25 percent. 

(3) StaNs CHARLIE. Equipment and personnel in reldi:le8s. but locat wealh.er conditions will 
degenerate the results of this experiment approximately 50 per.::ent. 

(4, StatuI DELTA. EqutpmeDt; IIDd perlOnnel LD rudinel., but local weat'ler condition. prohll:.a 
this particular experiment from collecting any worthwhile data. 

(5) Stama ECHO. Equipment trouble. but only minor repairs are require1 t.l\at can be performed 
locally within six hours. 

i6) Status FOXTROT. Equipment trouble. but only mmor repairs are reqwrt.d that can be 
performed 10cal~y within six to twelve hOUri. 

(7) Status GOLF. Equ:.pment trouble. but only minor repairs are required t":"'at can be 
performed locally within 12 to 2. hour'S. 
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(8) Stab.l. HOTEL. EqUipment trouble, but the rep&1ra required can be performed locally 
in day. (thi. report wtllinclude the expected number of day. Wltil equipment wUl be back ill operation). 

(9) Statui JlTLIETT. Major trouble with squipment. which will require parts andiol" ser\'ices 
from .. r ... r .. rea, This atatul report will include the lIiece of equipment involved. the part! and/or 
servicel required. the name of the rear area from which help II expected. and the name of th" responsible 
perlon in that rear area. 

(10) Statui KILO. Per,oMel trouble. This stam report indic3.tes that .arne of the lite's 
personnel are m. However. aufiicient knowledgeable perlons are available to perform the work necessary 
to complete .. valid experiment. Thil report will include the number of perlons affected against the tatal 
number of knowledger .lIe person. "sllfted to the sile, together with a brief delcription of the illnen. 

(11) Statu. LIMA. PersolU1el trouble. Thla etama report indicate. tha~ sufficient lllnesa exists 
at the .ite .u.cb that no valid data can be gathered. Thil il an emergency report and will include the same 
ldd1ttDrlAl data al the KILO report plul all other perttnea.t detail •. 

(121 Statui MIKE. Indicates a lack of necessary support ltf:ml, 1. e., a power leneratar, an 
antenna ltand. a reel of wire. etc •• that will reduce the efficiency of the sm.tion. This status report I.I:ill 
inc:!ude a bri~f description of the item, when the item was scheduled to arrive. steps already take!:. ta 
lacate the Item, and any other pertinent UDel .. lif1ed iDlormatiora. 

(13) Status SOVEMBER. IndIcates a situation that 1s llot listed in the other St.~SHINE reports. 
This report will allO requln clarification. but only to the extent that unclaslified information will be 
.r:msm1ned. 

e. To make this report.in3 procedure more readily understandable, sample SUNSHINE Report. are 
al follows: 

(1) SUNSHINE Project SA.2 Stat ...... BRAVO. 

(2) SUNSHINE Project 6.8 ~l.atu8 HOTEL 3 days. 

(3~ SUlIo"SHINE Project 1.7 Statui JULIETT. Tape recorder. Complete replacement required. 
Hickam AFB. J. J. Jones. 

(4) SUNSHINE PrOject 6.6 Status KILO. :) out of 10. Diarrhea. 

151 SUNSHINE Project 6.10 Status LIMA. 6 out of 7. Extreme skin iniections. Locally 
nospitalized. Recovery two weeks. Replacement crew requested .mmecUatel}'. 

(6) Sl."~Srn!'E Project 6.11 Status !\lIKE. 30 KW generator, 20 April. Wired to Lt Col Jone~ 
at Saudia Base 30 April. So :-eply. 

17\ Sl':-:SHlNE Project 6.5c Status !'oIOVE!\IBER. All food has spOiled. Request emergency 
shi,lment. 

(8) St~SHINE Project 6.5a Status SOVEMBER. Su.spected sabotage in area. Details follow 
via classified message ::!52230Z. 

(9) SUNSHINE Project 6.10 Status CHARLIE AND KILO. 3 out of 9. Extreme sWlburn. 

f. Normally, these melllages will be transmitted with a priority precedence. A higher prk rHy 
may be asSigned if necessary. ALL SC,SHD: E Reports sent subseq,uent to H -6 hours for :J.n <:\. ~r.t will 
be liven a precedence of OperaUon.d Immediate. 

g. This reporting system is in effect upon receipt by each project. Queries concerning its 
lmpl~ment.ation should be directed to the appropnate Task Element Commanaer. 
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App811.dix H 

REPORTS ON STATUS OF TECHNICAL AIRCRAFT 

1. Test Director Mernorancl1m 1-62 wiH be used to report aircraft ltatus until the aircraft hal become 
airborne for rehearsal or an actual event. A SUNSHINE report will be made for eacb participating t'ireu!t. 
indiviG&ally 11 otber thaD Statui ABLE, and collectively by projecta if Status ABLE. AireTa!t status (other 
tbaD teehn1calllr Iclea.t1flc equipment) Will be reported under Statu. MIKE. (TD 1-62) 

2. Followtq takeoff. atatu. repCtru w111 be INbmitted to the Aircraft Commander for transmittal to the 
Taalc Group 8.4 Air Operations Center in accordance Y"ith the folloWlnr scbeolle: 

• . A. IfOOII after takeoff •• po •• Uue. 

b. H-l bcqr. 

c. H - 30 mlDutea. 

d. OIl an .... nece .... ry .. baai. when cOl1diUOQI cbance from thel.et report. 

e. When any condition not provided for w111 affect the TU 8.1.3 .clmt1fic effort. 

f. The cleFee of succe.a will be indicated after event time (Status ABLE). 

,. When aircraft departa ltaUon for land1ni point. 

3. Status reports for airborne aireraft will be in accordance with the Attachment hereto. The reporting 
procedure will be as foUows: 

a. From the technical representative aboard the aircraft to the Aircraft Commander lAC). 

b. From the AC via radio link to the TG B.4 Air Operations Center (AOC). 

c. From the AOC to TU 8.1.3 representative on the 1wo Jima (1Jl. 

d. From the IJ via radio link to the Technical OperaUons Center (TOC) in Bunker 405. 

4. Reports will be unclassified and will consist of four item.: 

:1. ITEM 1 - Aircraft call sign. 

b. ITEM Z - SUN~Hn;E. 

c. ITEM a - Project statui. 

d. ITEM" - ClarificatioD 1D!ormatioD.. 

NOTE: The only exception to the above wUl be for Project SA.l and SA.2 aircraft. For these two aircraft, 
the wor~ "polDt one or point two" WiU be u .. d immedlately followtnr the aircraft call lilD lO identify 
whether the report c<)!lcem. SA.1 or 8A.2. The a1rcnft can 'ip. Without this exception. Will I.ndicate both 
projects raU under the same report. Examples are: 

Kettle One Point One. SUNSHINE ALPHA lSA.l/. 

Kettle Two Point Two. SUNSHINE CHARLIE (SA.2). 

Kettle Two. SUNSHINE ALPHA (both SA.l and 8A.2). 

5. a will not be necellary to idr.ntify the type report IH -1 bour 0 H - 30 minutes 0 etc. 1 Slnce t.i n,e pbasing 
of reports should indicate the type of report beiDg subm1tted. Several status codes may be uled in one report 
wben neee .... ry to adequately explain the cond1Uon.. In addition. two or more codes may be used, Ii 
necellary, to give the proper number. E:umples are: 
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BRAVO CHARLIE adeW to 75%. 

ECHO FOXTROT adda to 30%. 

VlCTOR WHISKEY adda to 1 hour 30 minutes, etc. 

e. To aid in elarifleAt1au of the above proceclJ.rel, the followin( exampl .. are given (aircraft numbers 
and call sip. may DOt. be correctl: 

a. Inertia Two SUNSHDrlE ALPHA 

lolean1JlC: Project 7.4 au KC-135, *0341, ready to CO and the air-craft ill on the prescribed flight 
plan. 

b. Kettle One Point One SUNSIDNE CHARLIE 

Mean1DI: W.ther will depade Projec·t SA.l 00 KC-l~,5. rt3l44, by about 50%. 

c. inertia Three SUNSHINE ECHO FOX't'ROT WHISKEY 

Meu1ng: Project 8.10 OD KC-:.i35, U131, ill having equipment trouble su as to degrade data by 
30~. Will require &0 minutes to remedy 

d. Lambkin ODe SUNSHINE SIERRA ZEBRA 

loleanJq: Project 4,1 OD RC-l21. 1\10547, is hav1~ aircraft d\fficultJell 10 u to degrade data by 
25%, Will be W1able to remedy wbile airborne. 

e. Caboodle One One SUNSHINE ABLE 5 

Mee.niDI' Project 4.1 OD C-118. /[107651, obtained approxtmai;ely 50~ 01 the'r data. 
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ATTACH"lE!'T TO REPORTS OS ST .. Ht:S OF TECH~IC'\L AIRCRAFT 

AIRBOR.,\E Sl'!'SHINE REPORTS 

Condition Status Code Criteria 
------------~~~~~-- ---------

Ready 

Weai:.l'ier 

Technical and scientific 
equipment 

Penonnel 

t:nique Situation 

Aircraft 

Time required to repair or 
remedy tile conrution 

Success of mission 

ALPHA 

BRAVO 
CHARLIE 
DELTA 

ECHO 
FOXTROT 
GOLF 
HOTEL 
JULIETT 

KILO 
LI",lA 
MIKE 

~O\,DIBER 

OSCAR 
P.-\P.-\ 
QCEBEC 

RO)lEO 
SIERRA 
TA:--:GO 
t:~IFOR)1 

\1CTOR 
WHISKEY 
X-RAY 
YA~'KEE 

ZEBRA 

AbLI:: 1 

ABLE 2 
ABLE 3 
ABLE ~ 
ABLE 5 
ABLE S 
ABLE 7 

ABLE B 
ABLE 9 
ABLE 10 
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Project is read: .. ' to go. to indude positioning 
of the aircraft il~ accordance with flight plan. 

Weatl\er will deirade data by: 
25% 
50'1 
No worthwhile data will be collected. 

Trouble with te.!hnical and scientific equipment 
will degrade <lat,:!. ty approximately: 

10~ 
20'";; 
"O~ 
60% 

No worthwhile data will be collected. 

Personnel are incapacit.ited so as to reduce 
data by: 

25% 
SO% 
No worthwhile data will lte collected. 

Indicates a situaUon not covered in this report. 
Briefly describe troubh'. This will cause a 
reduction In data of: 

15~ 

30~ 
50C-; 

.-\Ircraft trouble WIll caus,~ the ;;lrO)ect d:lu ~o 
be degraded by . 

10':; 

~5"" 

50 ~ 
So worthwhile d.:lu ..... Ii! be ,;·)llected 

The time required to repalr or remedy the 
Situation so that .. s~entl:J.:l:: 3.:: :at.:'!. c.:n >'e 
outained will be: 

30 min. 
1 hour 
2 hours 
4 hours 
t:nable to repaIr llr r~mt.'d} the 5it'~,,~;c·:: 
while airborne. 

The approximate percentage of data obuined ~s 
as iollow5' 

1O·~ 

20% 

30'1 
~O~ 
SOc:. 

6v: 
70% 
BOr; 
90" 
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Appendix I 

MlNIMtr.d GO-NO-GO CRITERIA, SHOT BLt:'£ GILT 

T ;9 material was published by TU B.l.3, 9 October 1962 . 

.... ..ATHER 

1. Cloud Cover. 

a. Excellent "seeing" conditions are desired for Johnston Island photo station and the two KC-135 
photo aircraft for the period shot time to about H" 30 minutes. At JohnstOn Island, recommend BLUE 
GILL be attempted only on day. when DO more than llpt hip clou~ and J/10 or Ie •• low and medium clouds 
are predict~d ~rinl the firing window. This wollld provide SOOd chance for aucces. for Johnston I.land 
surface optic&! stations. Aircraft should have l1tUe high cloud above their operatinl altitude (about 35,000). 

b. DAMP ship. Pr~ject 6.13, Deed optical line of 11pt to nares expelled from their rocket •. This 
require, a condition of very few clouds essentially along the Une between the .hip and shot point at elevation 
angles of 20 b:I 70· from the horizon. Fulfillment of DA.MP ship requirement ie Dot mandatory. 

2. Ballistic Wind. 

a. Launchers are adjusted based on ballistic wind reports available at H-75 minutes. If subuquent 
reports show balUstic wind chanles greater than 5 knots or 15 derreell, hol~ as follows are neceuary 
to :r.dJust launchers for safety reasons: 111 at H --'5 min - - - - Hold 30 ~liDutes. (2) at H -35 minutes 
- - - - Hold 30 minutes. !60 minutes if weather Pibal crews not permitted to stay out until H - 30 minutes.) 

b. There are infrequent wind conditions which would pr'event .?roje~t 6 .10. rockets from following 
desired tr&)ectorles. This couid be a no-go condition. These conditions :r.re described in a separate paper. 

3. "tagnetic Storm<l. 

Project 6.9 (SHII Wlll obtain and pro\,ide forecast uf magnetic storms. If major storm predicted. 
this is a no-go conditlon. 

POD:) 

4. Tucking. "lust ha\'e Sandia Corporation and CubiC on 8-3. Check made at H - 30 minutes and 
H-1i ~~ 

5. Stabilization. Must have 2 of 3 poda. Check at H -17 minutes. 

6. Recovery. The two pods with stabilization OK must have recovery packages OK. Check pod 
reco\'ery unit pressure at H -ol hr. 

ROCKETS 

'. 6.lA ~dar Blackout. Project uses six t'ock·~ts fired essentially in pairs 1-195 and -190 seconds: 
-112 ancr:'108 secondA; + 290 and· 900 second.). One rocket of eacb pair must be in an operating 
condiUot'l and this will be known by H-SI/f hours. Cubic tracking must be go on these rockets as well. 
Final ~neclt at H --'S minutes. In addition, a minimum of three of the four ships. the JI x-band receiver. 
and the Jl Land C band interferometers mUlt be operating. 

~. 6.2. 6.3 Gamma Scanners and D-regi(m Physical ClIemi,Hry. 

a. flroject bas 8 rockets: 

2 !'ike-Cajun 
.. HJ -!'ike 
2 HJ -N lke-Nike 

Primary Expt'riment 

Mas!! spectrometer 
Electron density radiation measure 
Gamma scanner 
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b. Project needa six rocket.. one HJ-N-N and five othera. with experiment elllentially ready. These 
lix rocket. need one telemetry and one tracking sYltem in order. Honnt John-Silte rocket experiments 
are considered go as long as one measurement of electron den.ity and one of radiation are ready. Operltion 
of every iDatrument ia cheeked at H-8 hours and apin between H-90 minutes and H-65 minutes. CorrecUon 
of problema Inaide bird take at least 24 hours. 

9. 8.13 Radar RefracUon Jitter (H-4 noun). 

Three of the four Slice Apach.s mUll have C·band beacons operati ..• and mUlt be tracked by DA~IP 
Ship radar j57JO Me). OpUcal track of rocketl from MMP Ship is desirable. (See weather., 

COM~lt"'SlCATIONS 

10. 3 of .. Granger transmitters. Kaual. Okinawa. Kwajalein. and Canton mUlt be going, and 6 of 8 
receivers should be operable and synchroniz,·d. 

RADAR CLUTTER 

11. 86-foot SRI dish mUlt be operable. One each RC-121 aircraft and equipment must be in position 
and ready in me Nonbern and Soumern ConJugate Ana •. 

12. Sufficient jonolondel, riometers, photometers. etc., exist so that no particular go-no-(o criteria 
la l'lplicable here. 

AIRBORNE IONOSPHERIC MEASUREMENTS 

13. Readiness of 6.10 aircn.ft and equipment i. de.irable but not mandatory. 

PHOTOGRAPHY-SPECTROSCOPY 

14. Surface Stations. Appropriate cloud conditionl necessary (see weather\. Sufficient backup in 
surface stations measurement. exists between LASL and 00010 that (o-no-(o are based on cloud conditions 
alone. except for major catastrophes affecting both LASL and DO~ surface elations. 

15. Aircraft. At least one DASA KC·13S must be in position and ready to record. 
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Appendix J 

OPERATION EXPERIENCE; SUMMARY, ENGTh'EERING AND CONSTRUCTION 

(Thia report W&8 prepar.d by an offiCEr in the E&C Branch, TU 8,1.3,) 

This report concern. area. of responlibHit)· including: (1~ criteria deveiopme",s and design of facilities 
{or Johnston Island ar.d all other sitel, lUId (2) c:)n.trucUon at all other sites, All other areas are sum
raarized by those prima.ily responsible. 

A •• OOD •• Conltruction ad facUlty :-equlremea.\I cOllld be determined, lite .election on Johnlton Island 
was coordinated with representath'es (1'01.' 111 users. A EC, HI! S. and JTF- 8. H&:N acted as the o\'eraH 
coordinator and provided all memberll witt. a current scientific plot plan. This sy.tem was saUsfactory 
because it funneled all requirements to a aingle point where scientific requirements. intederence. restric
tiOM, and ConlU'UCtion fea.iblllty could be analyud. Later, TG 8.6 (nat.ted on baviDC tnt. reapon.ibiUty, 
but the lareer portion. of .lting wa. completed and only minor conlequences developed. Since Johnston 
lalud is 80 small, the limited real eltate aV1Lilable required maximum utilization of exisUnl facHities, 
minor decndatlon on .om. experiment' beeaute of interferenc •• and calculated ,at.ty risk •. 

It wa. nec .... f)' to make 1D&Ily 10000-diataDce telepbone caU.. trip., and inquiriee to extnct the detaUa 
from the Icientific "lIIncle. to maure that each facUlty wu in the be,tpo •• ible location. Concurrently, 
conltruction criteria were bainl r.neloped at a rapid pace and submitted to AEC. (TG 8.5) (or H'~ action. 

In many case. wh"re conltrucUon lead Ume was critical. de.ilD was started before the project submitted 
an E6R plan. Criteria were developed from AMex E of the ElfR plan and from revisions, conferences, and 
telephone call.. The cnteria for rocket launch pads were written in leneral terml, and the design details 
were resolved by meetinl with the launcher manufacturers and the H6N Project EJ'IIineer. This procedure 
..... hichly .. tilfactory &nd proved iUeU in the Umely conltNction and dual use of launchers by more than 
one pro)ect aleney. 

Requil'ementa (or 'ites other thlUl John.ton IsI&nd were IUe and fre<1uenUy cb,anged becau .. of: (1) late 
diplomatic approval on the ule of foreign owned islanda, (21 scienUfic and logistic suitability of available 
islands, 13) lack of the project', decilion to requell HI!~ support beea"le of funding problems Ito be explained 
laterf, (4) lack of firm control over projects to force timely decisions on requirements. or 15} lack of 
Information ('oncernmg construction and lOgistic capabilities locally a\'ailable at selected lslands. 

Project and TU S .1.3 representath'es made a survey trip to iites under conslCierauon. The results \'arll~d 
from firm commitments and plans by some projects to indecision by other projects. Because of limited ~ime 
and costs, every attempt "'as made to minimize HI!N construction and support. Construcuon by local sources 
was arranged at Rarotonga, Viti Levu, Tongatabu, Tutuila. Canton, Wake, Midway. Kwajalein, Okinawa, 
KauaL Maw, ,ind Hawaii. If all requirement5 had been placed on HI!:-;, the costs wnllid hav~ been pr0-
hibitive and the readiness Ume would have been extremely doubtful. Furthermore. the local governments 
preferred not to have outSide contractors. so that their own economy could benefit. There was also a 
concern about innation, which would have bet'n quite harmful to the Imall communiUes. 

Generators proved to be the most troublesome ltems. Prcjeeta that oril1nally planned to furnish their 
0 .... 1\ power later r~uired generators at remote locations on a crash basis. Many generators malfunctioned 
because of improper maintenance, improper .Wit.eJ-inl on of the load before warmup. 1&clo.. of load banks on 
lenerators with loada that were too .mall. and inferior delllD. Time would not permit major repairs, 10 

replacement5 were lUIed. MOlt projectl had backup generators toward the end of the operation. 
Land leaSe! were the responsibility of TG 8.5; however. it was necessary in most cases to antic ipate 

TG 8.5 n .. oUaLiona and to make .. reUm1nary alteementa for .,onsummaUon by TO 8.5 at a later date. Land 
leales at Tutuila,Samoa were the most difficult to handle, because the property Is joinUy owned by the natives. 
In "nc cale. 42 owner. were involved at the Olotel. HUl .ite Without adequate land 'Ul'Vey and descriptions. 
Thill waa handled through the American Samoa GCivernment Attorney General who negotiated through a 
"talking Chief" who represented aU of the ownen. Leases in the future should be easier to obtain on 
Samoa bf!cause of the experience gained ':lY all parties. 

Con.tl"1.lction activities at remote aU;1I involved accesa roadt., land clearance, instrument shelters. 
placement C'f van •. lenerators and fuel storage, and antenna erection. In camps. the aet1\'itiel involved 
walk-in reefers, water dilti ~latl-ln plants, powcrplants. septic tanks. tent meuhalls. kitchens, latrines. 
and quarten. 
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On-lite I\Irveillance W .. e .. ential chirin, the conltruction. to meet readlne.1 datu. Off-site H":-; 
con.truction WII late In the field, beeau.e u.er require'!lenta were late a. were con.equenUy, the criteria. 
Field trips dilclosed maJor deficiencies such as working creWI in place \\'ithout material. and tools 0r nce 
veraa. The deflclencie. were itemized and liven to the HIIN and AEC, Honolulu manager for crash acUon. 
FoUowup field trip. werE lUll neceslary to In,ure that corrective action had been taken. 

In futur'! operations, a completely mobUe -::oncept for Illanda, other than Johnston, Ihould be adopted, 
and ConltNcUOD should be beld to a minimum. The auppon contractor could design .nd procure trailers 
to serve 111 test need8 at any tut site. The tn.Ueu should be four-wheeled types and have simple-tongue 
hitch, leveling jack., and dimenatons comp.Ubl. to C-124, C-133, and other tranapon aircraft. The trailen 
ilhould be of the following typ .. : watar di.tillalion, powerplant, maintenance (geherator, plumbing, 
carpenter), living. kitchen. mesaing, laundry, and scientific. 

In future operations. more Ume should be allowed for criteria devel'lpmant and construction. Strong 
procram management should be exercised to insure timely submiuion wf requirements and to minimize 
cA&qa. Loeal res~rce. should be uaed for conltnlctiOI1 in remote area •. 
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EJlPERlDICE REPORT. PROJECT 9.2. SHlP MODIFICATION 

(Thil report wal prepared by aD officer iII the Ea.e Branch. TU 8,1,3.) 

TV &.1.3 recetvedtbe Ft.h Bowl pf'Gl1'lm from CRDoUA In late Decembn 1911. Included ill the Fish Bowl 
lJI.atrummt locatiOll. wen five potIUioaa OD the hlp a.a to lM occupied by lurfacfJ ship.. The E"e Branch 
W"I aaaiped the reapollltbUlty of modlfymJ thele abip. to receive the ICt_tiftc tnltrumenlation. 

BlDee tlda .. modiftcaU01l proj.ct wu a eom...ut. a .. Ille reaponaibUlty and beeau .. vel') Uttle 
biltol7 aDd data from previou UJp modlftcaUCD projectl (premoraeoriuml fta OIl ncord ill WET, thil 
GPerieDCe report II aubmlned eo <Iocumeat the baekc'round, procedllrea, IDd probleml encOI.lntered In the 
Ftlh Bowl proj.ct, It t. boped that tIlla bIIormaUon tocetber with reeommendaUona baud on experience 
from dal1 proj.ct wW eaabl. penoaall a,.lpld eo &D7 &ture oplrationa to COIIcUct the project mon 
.metlQtty ud .mootbly, In addlUoa 10 lmprovtq the Qat operation and aidlDl the perlOMel a .. lmed to 
It. the tnformaUOD COIItalaed ill tIlla ripon may .. ne .1 a plde for S'lclc.iDl qualified peno UI~l for allien
mlDt 10 any future Pl'Oj.ct. 

The body of tbil aperience report con.ll'" of a blatory of the ,hip modification prorram with emphasis 
OD problem. eDCOWltered, tile lolution. therelO. and/or recommendation. for future operatio'la. It Ihould 
lM aoted that tIlll report Ilone cannot poa.lbly live a complete cbronolol1cal bl.toI')' of Project 9.2. Abione 
de.Irtq eo .tudy the project 1D detail should II .. th1. report 1D. coaj\IDcUon with the complete Elle Project 
'.2 tll •. 

Earl), in January 1182. Elle called a meeUlllin Washington to disclilS general policy 3J'Id to get the €Irst 
indication of what the projectl required. Repr •• entaUn. of DUSH:PS. )'IS'l."S. JTF· 8, Fe DABA. NAVY 
OPS, RIIN. and the projectl were pr'leQt. At that time it w .. decided that all tecllnical conltruction 
requirementl of the projec ... woWd lM .ubmitted to lbe Elle Branch, which wOlild re"iew. C'oordln'J.te. and 
conloUdate them for later submillion to either BUSHIPS 00;' '::O~tSTS. depending IIpon the .'hips involved. 
(Five belonle" eo US Navy and one to MaTS.1 BCSHIPS wOlild decide in which yard the modifications were 
eo be performed and a,,,hortle the yarde eo proceeC: Thu •• WET doJa1t wtth BUSHIPS rather than the yardl 
~rlnl the early plaMlnc llalel, eOMSTS turned ita portion ovel' to MSTS PACAREA. which performed 
the de.ip work and then let a contract eo a civilJan yard for the actual modificationl. HIIN w .. acUng as 
arch1hct-el\l1neer for LASL and LRL for lome modificaUon work (later canceled when Christmas [sland 
becaD",' avaUlbI.), KilN wu represented at the fint meeUnI at the reque.t of WET. During this met:!ung, 
after the ,enera1 Icope of the prol1'lm became known. WET decided that It would deal directly with the ~avy 
ad MITS aDd woWd ~ot require the lenicn of an Olltlide architect- enlineer. 

Shortl)' after the ftnt meatiq, .Ix 1b1r.. wen ... lped a. the Flah Bowl iZlltnunent platforml, A'lilfl· 
ment of ahlp. waa worked out betwHn JTF-& and the NII.VY with DASA supp1yinl only technical recommendationl. 

Tbe .cope of work to be done Wal finally determined w be installat.lon of anteMa., photogr;\p:1Y equipment. 
and a •• oclated rec::lrdiDc lnatlwnIDtation on diree 1.8P' •• ODe 1.8T. and two DOE'., LSD', were .e1ected 
becall.e of their relauve ltab1l1ty. 01'11111.11 plan. caned ror launchlnl ,)f Imln tn.trument rocltetl from the 
shipI, Thil plan '+.'al dropped. but the ltable platform. were sU11 reQ.ui,".d by the Project 6 .1a tracking 
IAtenoal, 

F"now1q tbe fint meatiq in Wa.biDston. th. Ea.e Bruch llarted the all-ollt effort to obtain Unal 
criteria from tile project .,enci... After Weeki of ml(\U",Il, penoul coJitact, telepho ... call •• 1WX'. 
and Ihipboard and Ihipyard vlllt1. enOlllb data W&I obwined to write a formal criteria letter to aeSHIPS 
lad MSTS lettinc forth the detail. of work to be accomplilhed, It .hould be noted that the tile staff must 
lake the init1aUve of calling slich meetingl. and making tripI, especially If a short time frame is Llvol\'ed. 
Tbe perIOD ... llRed eo ship mo:2lficatioll caMot elql8Ct information to come rolling In without doing a lot 
of coord1nattnc, travell,q, &Dd .n.pect1nl, Shipboard trip. and meetinc' with the deilID penoMe1 of 
shlpyardl proved extremely pro(jtable. MOlt (If the projects had not been alll)clated with ships at all 110 

"ery chance to ,et aboard waa mal' valuable eo them. Elle did all ccordinating of theae inspections. 
~ruac die p1&111l1111 ltale', the shipboard visitl were the mOllt Important Ilngle item for determining Instru
mentation location and mountinl, 
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Followtnr crtterta collection. a comprehensive criteria letter was lent to BUSHIPS and COMaTS. nts 
letter was all-1aclllllive, coataiDed all kIIown reqWremen~, aDd was IlIPplem.ted with DumerCNI drawtncs 
and lIketche.. E.C .tated the requirementa, bu.t left all delip work and finiah bllalPrtnta to th" shipyard 
delill' .wf. Tbe shipyards were extremely happy with the criteria letter beeallie of ita completen"'. 
III any tI.Imre operaUCD, every effort ebould be made to I1ve aU requ1remllltl UDder ODe cover, and all aceDC1_ 
IDvolved abould receh'e lnformaUoll copl". 

FImd1Dc for the modtflcatiou was throup BUSHIPS and COMSTS. They received e.tllaatal &lid bUll from 
their re.,ecttve yards ~"d nbmltted a flaal bill to FCDASA. 

UPOIl receipt of the FCI).6.sA criteria letter, BUSHIPS .. Iiped yards to perform the work. Two lAD'1 
were modified &.t .he Nanl Repair FacUlty, San 01110, ud the LST and two DDE'. were mod1f1ed in Pari 
Harbor. M5TS let a coutract to a civilian yard in 5&n Francllco for mod1flcatiOD of one LSD. The vanCNI 
yards did-their own delip work; thUI, three separate. different Ie'" of desipi and piau relulted. The 
E&lC project oUlcer approved all plan. and coontlna\eO them wtth the pro)ec:t a._el... DuriDC the ICtual 
modification p'llriod at the ahlpyard, the EIIC olUcer acted al coordinator betw .. n &hJp, lhipyard. JTF-8, 
project acne)" aDd TV l.loS. Re al.a iupectMI all work, directed _yard effort, ad acted ae a pusher 
to let th~1 movinl ralter. III thtl ar., 1'11.01'8 rank (LCDR or hllher) would be very helpflll. Althouch 
everyone cooperated, the author beUevel it would !'Iav. been benefic tal if a Navy captain trom TU 8.1.S 
had met wtth the director. of th. yards concerned and cI11CIlI.ed the procram ud explabled th. up,t time 
lCheGal. ud the bWlt-m IlDcerta1llti .. of the teltIDI pme. 

Sluce the work wa. perfOl'1!led at three different ilwtallatiou.. it maut th. E.C ID&D had to move betwllll 
them to .upenls. all the Joba. Thll arranaement worked utilfactonly, becaule the P.rl Harbor work 
w ... cheduled after the W'lt CCIII.,' work; bowever. U the promm bad be. any lar.,r. one man cCNld not 
have ba.ndled it alone. It 1. btP1y deltrable to bav. all the work done at ODe location, and ill the tv..,e, 
every effort ahOQid be made to bav. on. let of drawt .... and on. yard do the work. 

8hJpyardi are very complex and btlbly sWxiI.vtded OrpnlUtionl. It II tmpoalible to find one indivtGaal 
who can handl.e aU problem. that arl.e. DeailD people wtllllot touch uytb1nc altor it leavea the drawtnr 
board: workerl blame deaill!., deln'oy.r planntnc people will not have anythtnc to do wUh LlT'I, etc. Three 
ldellucal .tat!.on. bav. three leparate work orderl written if they happ. to be OD clUferat typel of 1Ibi.,.. 
Sinc. the yard II 10 complex. It II th. author's behef that the ranking man at the Ihlpyard Ihould be approached 
by comparable rank in TU a.l.3 and reque.t that a yardman be .. Itped to th. telt modification work 081,.. 
The officers in the Ihipyarda are renerally overworked and by neceality CanDot devote elloqh time to the 
a.n-o{-the-ordinary work reqwred by the Utlt prorram. This 11 elpectally true of the .hip·. lupermtendent. 
All were mOlt helpfW and cooperaUve, but the additional work Imposed on them over and above their regular 
dIltie. worked a haro,hip on them. It Is reaUzed people are hard to iet, but proper tugh-level meeUnr' 
should relult in ietUnr a man from the yard &Sllgned to the special task of test modificaUon. 

During the planning, deliit', and aCNaI ahipboard moclification work period, to'le E&iC project officer 
was the only man cOMected with the testine prorram who came in contact with the yard or Ihip' s persolUlel, 
There was a defit>.1te lack of communication or contact between JTF-8 (The Navy Taak Unit) and the yard or 
lhip'l force. The peraOllDel of the yard and the ,hip were naturally t:oncerned with basic questionl and 
operational mattera. The captains of the .hips were kept In complete darlen .. 1 until tlut l&lt moment. They 
were quite concerned abollt this lack of information and continually hounded the only one they knew from the 
telt organization, the EIIC ma.·L ThuI, the [IIC man spent considerable valuable time trying to .. aist the 
skippers in getUna answen to operaUonal and logistic question., Lack of anlwers to llIese question .. al .. o 
delayed modificatton work. For example, utemlu cOllld not be placed WlW it waa determined if ar •• mllat 
be left clear for heUcopters, etc. III &IIy tI.Imre operation, an effort IhaWd be made to bave more lower level 
coordination between WET Operationl Branch and tl ~ lhip', company. Also, the Navy Task Unit and JTF-8 
tbould keep the .bJpI better Wormed. The [IIC man ClJllut properly watcb IN.t for WI modificaUoll work 
If h. 'Penda 50 perc_t of btl time dolDl opera'donal work. 

One major problem cOllcemed leneraUon ot power for the inatNmentation. Since the Ihip. bad de and 
the teat equipment required ac, diesel generators were pro\'jded to supply power. This was acceptable 
because the operaUon. a. orl11lally planned, "'1.1 to l .. t only 6 to 8 weeki. AI it o.Imed out, the renerators 
were oparated &lid expoled to the element. lor 6 to e month.. They flnally beau to break down. In future 
opentlonl. motor lenerators wOrkint off .hlp'lI power Ihould be \lIed if po.lible beeau.e of the unpredictable 
time ~raUon of the telta' 

Recording instrumentation W1M In.talled I.n both shiP'S compartments and In fabricated wooden structures 
fixed to the declt. The f1Jc.ed wooden shacks proved to be far supenor to the sbip's compartmel1~. Theyare 
•• 1er to build, euier to alter for equ1pmnt mOWlt:a, oa.ler to air condition, and calae Ie •• trouble to the 
Ihip, In the long ruJI, it I. much cheapt,r to build a womlen lhack to the required de.11I!. than to try to alter 
a steel cllmpartment. 
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Rollup or removal of IctentWc iDltn1mentaUon pole' DO problem, becauae the yard can limply be told 
to removi everytbiAI previouely lnataUld and rew", the lhip to u. or1l1~l confllUraUon. The project. 
wUl look ·,),.It for their ,ear. and the Ihip'l offieera w1l1 ft&wrall:v make lure thetr &hip returlll to ita on,inal 
condlUoD, Ii no\ better. 

Althau&iI there were DWGeroul lIIJJlor probleml ud • lot of craib eUorti involved, aU or the Ihipi were 
tnltnment •• d saUlfactorily ud on Ichedule. 

The folll)wiDC recommendationl al'l baled on thl openenci elln", i'IM Bowl; 
(1) Il~ the tuk IUlit. a Navy officer .uCNld be 1D Charll of ahip modlfh."Uon. 
(2) The otflcer IIloWd be a LeDR jf the lIKICIIfication procnm 1. uy tarter thaD that tor Fllll Bowl. 
(3) :iuhmit lood fmal critlria to thlt de.tpere. Whenever practicable, delay a"bmil.ion unUI an 

criteria I,r. complIed, 
(") To .ltabUsh criteria, the offiClllr should vt,tt shipi &Dd yarde to ,et information about lnstrument 

placemellt and location. 
(f.) Do eve1')'1h1Dc poilible to bave all dellift ud modlficatioD work cione by OIle yard, not leverai. 
(15) Wherever po .. lble, aVOid uliAI shlp'l compartmeml for recordin« lpace.. U .. deck-mCNII.ted 

tra1lers c." woodell shacks, 
(~) Han one ct..1IDer and one ahf9 superintendent from the yard ailiped to the test prOCTlm 

worlr. only, 
(8) Hive operatlOlll pel'101lDel maintain better U.llOn with the shipi to avoid time-consumiDI queaUon-

1nI: by skippers. 
(9) Avoid Iole of portAble dielel power leneraWl'S whenever polsible, 
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EXPERIENCE REPORT, ENGlNEERL~G AND CONSTRUCTION, JOHNSTON ISLAND 

(nil report wa.- prepued by an officet' in the tllC Branch, TU 8,1.3,) 

!!!!!..miJlary OperatlOM. 

(1) The £IIC reprelentative should become familiar with project operationl hI ,eneral pri<;:lr to 
arrivlDl at s\te, 

l2) The UC job·l1te representatlve mUlt know space requirements in detail. Stated space require
menw frOID Aua E of ElK pu. proved tnvaUd ill molt. caa .. ; lOme were tDu lara:e, odaera too amall. 
In lenenl, proJecta require more space than allocated. 

l3) In pr.UmtMry pl&nIIiDC, avoid ueu·fu.rn1abed matertal wbol11ever practicable, Delfine cleari)' 
who il to fll.m1ab material-especiaHy, the electrical tnltnlment. timing, lind limilar cable. 

(4) Have ElC reprelentaUvel at Joblite iD advuace of atarUq C:OII.IU'Uction. Thil help. eatabUlh 
Jood relaUonabip with the arch1tect·eftlineer (A·E) reprelentativel and allowl ElC penannll to heeO""1O 
!smiliar wida A-E perlOlUlel and daeir mltheck of operaU'lII, 

(5) Avoid beml overly aUltere on head!luarten and limUar faciltUel. lteml luch as 10000q,roofinl 
and ail' cOlldlUODiDI may prove to be neenliUel and mUlt then be inltalled later. Thil later method is 
p:penlive Uld not completely effectiv •. 

II) Try to .ltabU. reaUstic beneficial occupancy data (BOD's). I).lrlnl thil uriel, no event was 
delayed becaus. of conltruction: however, many BOD'I were exceeded by 2 weeki or more. 

(7) Plan to place aU buried cable (cable trenches) in a conwit to protect them from corrolion. 
ahrinka,e, ana coral weal'. 

(8) Plan to have a small-Sized o:ulid machine faT E&C use, 

Construction Operations, 
Prior to arrival of projects, 

(1) Periodic visits by :1 reprele;'ltattve of prorrams il helpful during this period, 
(2; Without exception. power requirements stated in Elln plal1l for Fish Bowl were understated. 

Power faciliUes sbould be deligned to handle at lealt 00 percent more load than is requested for the primary 
lites. e.", Johnston Island. 

(3) Junction boxes and wiring for trailers at the primary lite snould not be insmlled until arri\'al of 
trallerl. In 1I1~t ca .. 1 ~r1ni Fllb Bowl. uaerl wUlted to cRange poIUions, and the ltated power reqwre
mentl differed from what.".1 required, 

I") OIl all malar coutrucUon iteml, a user repreeentaUve ahou.ld be at eacb jobsite W:len construction 
beliDl, 

15) Have the A-E send copies of all draWin,I. sent for approval. to the E&lC reprelentative at the 
job lite. The .. dra'Aq' ahould be marked "For Approval", 

After arrival of project.. 
il) Expect numeroul changes and/or new requiremcmtl, All of these CUI be expected to be accomplilbed 

on a crain basil. 
(2) Mod1.f1catioDI and repair of uler-furnished ma.tltriai w1H conlume a disproportionate :tmount of 

Ume ud eUort. 
(3) At tile primary lite, provide a pool of portable power Wlite r"UIinl from 10 to 100 kw, Recom

mend numbera and types as followl: she lO-kw. four lS-kw. ten lO·kw, six 60-kw, and t'o\'O IOO-lew, I\t 
other I!tes. proVide lOO·percent baclalp power. 

(4) At the prtlIl&ry lite, provide a pool of CODstruction equipment and ope-rators for field suppor~ 
INf1'OIel. Typel ud amount. mUlt be baled aD ltated requirements for field support but should U1cillcle 
at leut five forkllfta. 

(5) At the primary lite and AEC contractor locationa only, provide a mean. of easy communic:at!on 
on detall. of u.ler requirements developed at jobllite, Use or mail-order catalols or Similar docwnents 
II recommended. 
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Appendix M 

[NSTRUMEN'rATJON FOR MEASURING COMMUNlCATIONS EFFECTS 

:-.-\B1.£ :'>1.1 VLF PROPAGATIOr-; n-;STRUMESTATIOr-; 

Frequency Transmitter Project, Sponsor 
kc 

6 Noise 6,11 

8 Noi.e NOL. Corona (7.5) 
10.0 :~oi.e NOL. Corona (7.5) 
10.2 Balboa, C, Z. 6.11 
10,2 Balboa. C, Z NEL. San 01,,0 (7.5) 

10,2/14.2 Oahu 6.11 
l3.0 Ari:.:ona NEL, San Dielo (7.51 

14.7 SAA (Maine) NOL,'NEL li.5\ 
1;' ,0 SOlse NOL, Corona 17,5) 
16,0 G BR I E ngland\ 6,5b 
16.0 GBR \ England\ sas. Boulder 
17 A: SOT 'Japan) SOL. :'orona Ii .5', 
18.0 SBA IC'\nal Zone) 6.5b 
liLO SBA ICanal Zone) 6.ll 

18,0 NBA (Canal Zone~ NBS/NEL (7.5\ 
18,6 SPG ISeattle, SBS, Boulder 
18.6 spa ISeattle) NOL/NEL (7.5) 
19.5 SP~ (Hawaii) 6, l.O /6 .11/7.4. 
19.8 NPM (HawaU) NBS, Boulder 
19.8 NPM (Hawaii) B.5b 
19,8 SP~t rHawaU) SOL,'NEL (7.5\ 
21.0 WWVL (Boulder) NBS, Boulder 
2l.() Noi.e NOL, CoroDa (7,5) 
22.3 NBS (Annapolis) NSS/NEL (7,5) 
27.0 SOile 6,11 
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Receiver Sites 

HawaU. Wake. ViU Le,"'U. Canton, Tutuila. Johnston. 
Kwajalein 

COI'ODa 
Corona 
KwaJalel.D 
San Dleco, Pt. Barrow, Forrest Port. N, Y .. Thule 

(omes. navigation IYltem) 
Kwajalein 
au Kornelik. Cutle Dome. Sornertl'm. (l3-kc iono-

'Pheric aounder Iyltern~ 
CoronaiSan Diego 
Corona 
Tutuila. Tongatabu 
College Alaska 
Corona 
Tutuila. Tongatabu 
Maw, Fairbanks. Hawaii, Palo Alto. Rarotonga. 

Okinawa. Tutuila. Viti Levu, Wake, Kwajalein. 
Midway, Canton 

Boulder. College Alaska. Mau!/San Diego 
SQl41der, Cvllege Alaliko. 
Corona/San Diego 
Palo Alto, Wake. Tutuila, '-laui 
Boulder, College Alaska I '-lid'Nay 
Tutuila, Tongatabu 
Cororul..'San Otego 
Fort Collins, Colorado lone-hop vertical pathl 
Corona 
Boulder/San Diego 
Hawo.H. Wake. ViU Levu, Canton, Tutuila, Johnston, 

Kwajalein 



TAII~E M.2 LF PROPAGATION INSTRUMEN'I'ATION 

Frequetacy Tranamitter Pro Jeci/Sponlor 
kc 

41 10-kw airbome 7.4 
(KC-1S5) vicinity 
Jobnaton I.land. 
W)OO-foot antenna 

10-1ew airborne 6.11 
(XC-US) vicinity 
J ohnaton leland, 
9,ooO··loot antelma 

49 Noile 7.4 

51 Noiae 6.11 

71 JobutoD Ialand USN 

100 Loran-C 6.10 

120 Noia. 6.11 

155 Guam (Ratt) 1.1 

1815 Honolulu (RaU) 7.1 

200 Nol.e 6.11 

TABLE M.3 HF PROPAGATION INSTRUMENTATION 

Frequency 
Mc 

4 to 64 

4 to 64 

ito 64 

.. to 64 

4 to 64 

HF 
Operational 
Circuit 

4.7. 9, 15, 
23 

4, 6, 9 
12. 18, :.0 
HF opera-
tional Ratt 

10, 15, 20 

Transmitter 

Granier (Okinawa, 

Granger (Kwajaleln) 

Granier (Canton) 

GRI1Ier (Xaual) 

Gnacer (Midway) 

( Melbourne 
Okinawa 

tT~. Anchorage 
Seattle 
AUIU'aUa, Canton. 

Wake 
K"ftjal.1D., USA 
March AFB 

Tonptabu 
PlJlwheel (Kau.&.l) 

Fleet broadcaat 

Midway 

Project/Sponsor 

6.11 

6.11 

6.11 

6.11 

1.5a 
DCA/ACSDIUSASRDL 
OCA I ACSO/l)SASRDL 
DCAI ACSD/USASRDL 
DCA/ACSD/11SAaRDL 
DCA I ACS D/USASRDL 

7,4 

7.4 
7.4 

6.5b 
6.50 
1.8 

6.10 
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Receiver S1te 

K ... ajaleln, Canton, Viti Levu, TutuUa, Palo Alto. 
Fairbuka, Auburn, Wichita. Dayton, Midway. 
Wake. Hawail, Johnston 

Kwajalein, Canton. Viti Levu, TutuUa. Palo Alto, 
Midway. Wake 

HawaU. Auburn, Dayton (80 and CM OIlly) 

KawaU, Wake, Viu Lew 

Hickam (t.lloonborne antenna at JobnJIton) 

oahu. Palmyra, Maul. Kauai, aouthern conjupte 
aircraft 

HawaU, Wake, Viti Levu 

Ha .. U. Japan. Ship. 

Guam. Adak, Ship, 

HawaU, Wake, Viti Lew 

Receiver Site 

Viti Levu. Tu till I a , Rarotonga. HawaH, Palo Alto. 
Fairbank. 

Viti Levu. Tutllila, Rarotonga. Hawaii, Palo Alto. 
FairbaI'kl. Midway, Wake 

Viti Lew, Tutuila, Rarotonga. HawaH. Palo Alto. 
Fairbank •• Midway. Wake 

Rarotonp, Wake. Midway, Fairbankl, Palo Alto . 
Kwajalein, TualUa 

Palmyrra (Olle-hop reflection polDt over Johnaton) 
Camp DaVia 
HawaU 
Hawaii, Camp Davia, Anchorqe 
aa.,au, Camp Davi. 
Anchorage 
dawaH 

~waU 

HawaiL JuhnstoD, Kwajalei.\. two aircraft vicinity 
Johnaton 

Samoa (3~rreque!lcy phase-stable. Unk) 
OlUnawa, Adak, "a10 Alto 
Selected US Navy lhips 

Southen.l conjugate KC-135 aircraft. Palmyra. Fiji 



TABLE M.4 HF SOUNDERS 

Frequenc)' Project/Sponsor 
Me 

5 to 26.5 USAF 

9.8 and 12.6 ARPA 
1 to 25 6.Sd 
0.25 to 20 e.5e 
1 to 25 6.Sc 
1 to 25 8.51. 
1 to 25 6.10 
3 to 30 6.9 

3.3toSO 6.9 

Equipment 

Backscatter 

Backscatter 
V$rUeal iODOlonde 
Vertical lonolande 
Vertical lonoaonde 
VerUcal tonolonde 
IODoaonde 
7-frequeney HF-

aoundin, radar 
7-frequency ph"$-

path loun(icr 
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Location 

Australia. Alaska, Puerto Rico, Roswell, HawaH, 
Maryland, Pakistan 

Palo Alto 
Johnlton, Kwajalein 
)taw. French Frtpte Shoall. Tutu11a. Wake, Canton 
Midway. Tonptabu 
Palmyra, Trinidad 
KC-135. Fiji 
M/V Acanla 

JOMston 



Appendix N 

INSTRUMENTATION FOR MEASURING RADAR EFFECTS 

TABLE N.l RADAR NOISE INSTRUMDTATION 

In.trumant Project Frequency Antenna Sensitivity Location 
Me 

Radiometer 7.2 35.000 Parabol1c T" l"K Johneton Island 
O.S" beam 

Radiometer 7.2 S-band ParaboUc Ta 3°K John.ton Island 
3° bam 

Radiometer 7.2 L-baJld Array T = 5"K John!,ton Island 
10" "20" beam 

Radiometer 613 442 Parabol1e SF .. 5db USAS American 
SO beam Marmer 

Radar 6.9 1210 Parabolic NF '" '~cIJ Johnston Island 
0.7" beam 

Radar 6.9 850 Panbollc NF = 3db Johnston Island 
1" beam 

Radar 6.9 398 Parabolic NF,. 3db Johnston Island 
2° beam 

TABLE S.2 RADAR CLt.'TTER P.-;'STRntE!'TATION 

Frequency· Project 
Peak Ante!\l~a Band 

PRF Locauc>n 
Power Beam '.\'ldth Width 

~Ic kw (leg 

5825 6.13 3.000 O.S :~ ~Ic 285 [SAS A!1leric:ln ~1:J.rlner 
1300 6.13 2.000 2 1.2 :',.lc 285 USAS American :\Iarlner 
1210 0.9 30 0.7 6 ~tc 75 Johnston Island 

550 6.9 35 1 6 kc 75 John:aon Island 
530 6.13 5,000 1 by" 150 Kwajalein (ZAR) 

425 S.13 5,000 .2 IlvO to 15,)0 Roi ~amur \Tradexi 
432 6.13 2,000 6 1.2 MI! 285 USAS American Mariner 

426 to 443 6.9 1.500 10 by 18 200 kc 250 Five RC-121-0 aircraft 
398 6.9 35 2 61,c 75 Johnston Island 
370 6.9 20 5 6 kc 30 M!V Acania 

110 e.g 50 13.5 6 kc 30 M/V Acania 
32 .~ 6.9 100 45 6 kc 30 ~t \. '\cania 

:I to 19.:) 6.9 j to 30 60 to 90 10 kc B.6 to 30 M/V Acania 
3.3 to 50 e.9 '-frequency John.ton Island 

phase-path 
sounder 

?-_. 6.9 1.8 Sensith':ty 12.5 to 50 Canton Island 
'j • .l mv 

• Approximate or nominal. 
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TABLE N.3 RADAR REFRACTION INSTRl'lfENTATION 

Frequency • Project Transmitter Receiver 
Mc 

5775 6.13 Nike-Apache racketbome AS/FPQ-4 precisi.:m mono-
400-watt peak power pulse tracking radar on DAMP 
transponder. 5700-Mc ship. 
receiver. 

4750 6.1 Nike-Cajun (Blue Gm and Interferometer array on 
Tight Ropel Nike-Apache Johnston Island. 
(King Fish; rocketborne 
5-watt CW transmitter. 

95(1 6.1 NOte-Cajun (Blue Gill and Interferometer array on 
TiCht Rope) NUte-Apache Johnston Island 
(King Fish) rocketborne 
5-watt CW transm1tt8r 

• Approx.unate or nominal. 

TABLE s.~ DIRECT ATTESUATION ~IEASURE~IENTS 

Frequency' ?r'0ject Shot PartiC'lOa-tion Transmitter Receiver 
~Ic 

9500 6.1 Blue Gill. King Rocketborne 5-watt CW Johnston Island and 
Fish. Tight Rope (4 to 6 per event) Ships S-l through S-4 

5775 6.13 All Rocketborne ~OO-'o\Iatt AN IFPQ-·\ preciSion 
peak power transponder ~Ionopulse tracking 
(1 to 7 per event! racar on DA~I P ShIP 

4750 6.1 Blue Gill. King Racketborne 5-watt CW Johnston Island and 
Fish, Tight Rope (~ to 6 per event) Ships S-l through S-4 

950 6.1 BlueGill. King Rocketbonll~ 5-watt CW Johnston Island and 
Fish. Tight Rope (4 to 6 per event) Ships 5-1 through S-ol 

TM bud 6.2. 6.3. Etar Fish, Blue Satellite and racketborne Amplitude of these 
6.4 Gm. King Fish telemetry including GMD signals measured by 

(1660 to 16911 ~Icl and recei\'ers on Johnston 
\:l7.Hb- ana ~8t1-~lc Island 
beacon) 

• Appro)dmate or nominal. 
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TABLE :-:.5 ISDtRECT ATTENUATION MEASUREMESTS 

Frequency· Project Shot Participation 
--~~I~c--~------~-------

150 6.13 
400 

54 6.2 
324 

lphase coherent) 

37 

148 
6.2, 6.3 

888 
(phase coherent) 

3 
12 

6.3 

• . \pproxlTnate or nommal 

AU 

All 

Star Fish. Blue 
Gill, King Fi:>h 

Star Fish. Blue 
a ill , King Fish 

2~O 

Data 

Electron line density from doppler m'llllsurements 
on Sipl from transit satellite. Appro)(imately 
20 pus. recorded per event on Damp shtp. 

Eloctron Une density frl'm doppler, dispersive 
doppler and faraday rotlo-tion on signals (rom 
Transit rIA, Transit IVA. and Anna. Da.ta 
recorded at Jobuton Island and Anerdeen 
Proving Ground. 

Electron Une denSity from doppler. dispersive 
doppler, and faraday rotation on signals from 
rocketborne 3-frequency phase-cr.herent beacon. 
Six. rockets per event were monitored h'om 
Johnston Island. 

Electron density from measurement of Ri" 
imped&nce of rocketbo.i".c:. antennas. Two to four 
rockets per event, monhored (rom Johnston 
Island . 


